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El cambio climático es generalizado, rápido y se está intensificando. 

Climate change widespread, rapid, and intensifying. 

Relatório climático da ONU: estamos a caminho do desastre, alerta Guterres. 

Climate change and environmental degradation undermine the rights of every child. 

UNICEF: Cerca de mil milhúes de criangas vivem em países com risco climático muito elevado. 


El cambio climático y la degradación del medio ambiente socavan los derechos de todos los 
niños. 


Editorial 


El agua subterránea, una solución alternativa salvadora del déficit de agua dulce 
en el mundo 


Cada día se entiende más lo valioso y vital que representa la existencia del agua dulce, de cuya 
potabilidad depende la humanidad, en su volumen, disponibilidad y calidad suficientes para una po- 
blación en constante incremento con desafíos sin precedentes como son los impactos desbastadores 
del cambio climático. Ante este panorama acuciante, contar con agua subterránea, cuyo aprovecha- 
miento racional pueda complementar u ofrecer las soluciones esperadas, constituye una invalorable 
alternativa. En 2050 nuestro planeta deberá alimentar a una población entre 9.000 y 10.000 millones 
de personas, siendo imprescindible contar con mucha agua para producir los alimentos necesarios. 
AQUASTAT, sistema mundial de información de la FAO sobre el agua en la agricultura, recopila, 
analiza y proporciona acceso gratuito a más de 180 variables e indicadores por país desde 1960. (FAO- 
AQUASTAT). 


Según comunicado de prensa del IPCC, el cambio climático está intensificando el ciclo hidrológico 
con una mayor intensidad de las precipitaciones y las inundaciones asociadas, así como unas sequías 
más intensas en muchas regiones del planeta, y las zonas costeras experimentarán incremento conti- 
nuo del nivel del mar, un mayor calentamiento complicará el deshielo del permaftost, y la pérdida de 
la capa de nieve estacional, el derretimiento de los glaciares y los mantos de hielo, y pérdida de hielo 
marino del Ártico en verano. Esta situación obliga a lograr un mejor uso y gestión del agua superficial 
y en particular del agua subterránea, considerada un tesoro escondido. 


Tal como lo señala Carlos Gutiérrez Ojeda, los acuíferos tienen capacidad de almacenar gran can- 
tidad de reservas de agua y constituyen fuentes extensas de suministro del vital líquido, considerado 
como su recarga artificial es un método de gestión hídrica introduciendo agua en los acuíferos, ge- 
neralmente de buena calidad. Los objetivos son almacenar agua para su uso futuro, especialmente en 
zonas de escasa disponibilidad, operar según las fluctuaciones en oferta / demanda de agua, y niveles 
de agua subterránea en acuíferos sobreexplotados, reducir las pérdidas por evaporación y escurri- 
miento, entre otros. 


Numerosos son los problemas resultantes de la captación y aprovechamiento del agua subterránea, 
en particular la contaminación del acuífero. La calidad del agua se percibe por su color, olor y sabor. 
El agua de pozos profundos y manantiales debe ser potabilizada antes de consumirla o guardarla 
en tanques. La potabilización es un proceso para evitar que el agua cause enfermedades debidas a 
bacterias, virus, hongos, lombrices y protozoos. Insectos que se reproducen en agua: causantes de 
malaria, dengue, chikungunya y zika. Organismos que están en el agua: esquistosomiasis, cuando las 
larvas del parásito penetra la piel de la persona con agua infectada. Generalmente en casa se le aplican 
métodos de cloración / hipoclorito de sodio, ebullición o exposición /radiación solar. El método Sodis 
consiste en exponer el agua al sol para desinfectarla con radiación ultravioleta. Cáritas Venezuela pro- 
mueve la campaña Agua Segura con método Sodis. Según la OMS se debe producir cloro libre residual 
de 0,2 miligramos por litro en circunstancias normales y 0,5 mg/l cuando el riesgo es alto. La norma 
sanitaria venezolana indica que el agua procesada en las plantas de potabilización debería tener entre 
0,3 y 0,5 mg/l de cloro residual para que el sistema de distribución se considere potable. Los filtros con 
generador de ozono potabilizan el agua a través de los procesos de filtración y ozonización. También 
es posible desinfectar el agua con tabletas: sustancias que contienen cloro, yodo, dióxido de cloro u 
otros agentes desinfectantes. Al agua de lluvia es recomendable añadir 0,5 gramos de bicarbonato de 
sodio o sal por cada litro de agua recolectada, o el tratamiento con piedra caliza o carbonato de calcio. 
La OMS, en cuanto a los camiones cisternas y tanques de almacenamiento recomienda que deben 
desinfectarse cada seis meses mediante tratamiento químico con vapor. Ejemplo, para un tanque de 
1.000 litros se debe añadirse 3 litros de cloro de 3,5 % de concentración (Ricardo Barbar). 


Un nuevo problema ambiental en el agua es el impacto de los microplásticos que miden entre 1 y 
5 mm, que son muy utilizados como piezas en los productos de cuidado personal/pasta dental, y de 
procesos que degradan artículos domésticos/bolsas o el lavado de ropas sintéticas. Se han detectado 
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en el agua de los océanos, lagos, ríos, en el suelo y en la atmósfera. Están hechos de polietileno, de 
prolipropileno, tereftalato de polietileno, polimetilmetacrilato, disfenol o nailon. (Javier Gregori). 


Los estudios que deben realizarse sobre las aguas subterráneas se comienzan con la prospección 
geohidrológica, siendo los métodos más empleados los sondeos eléctricos verticales y las calicatas, 
para ubicar los sitios con mayores probabilidades de napas freáticas el mejor sitio para localizar el 
pozo de captación del acuífero. Con espaciamientos cortos en las líneas prospectivas se puede de- 
terminar el espesor del acuífero y su profundidad. El pozo perforado y muestreo del agua permitirá 
evaluar las características del acuífero, la profundidad del nivel estático y calidad del agua. La obra 
de captación más importante es el pozo de bombeo en los sistemas que abastecen los núcleos de 
población, comunidades rurales, hasta grandes metrópolis. La profundización de un pozo y la infor- 
mación hidrogeológica requerida para llevar a cabo la recarga de acuíferos cuando indican merma en 
su producción, se deben tener en consideración varios parámetros, a fin de tomar y esperar resultados 
positivos, siguiendo los controles pertinentes, para no caer en fracasos y rendimientos pobres. Es im- 
portantes considerar las implicaciones en la calidad del agua, su posible contaminación, la remoción 
de sólidos en suspensión, metales pesados, compuestos orgánicos, reacciones geoquímicas adversas: 
As, E, Fe, Mn; presencia de imprevistos en las normas seguidas, tales como presencia de medicinas 
y hormonas, consideradas como emergentes. Sin embargo, muchos y valiosos son los beneficios del 
aprovechamiento del agua subterránea (incremento de la disponibilidad del agua, fuente sostenible, 
estabilización de la erosión del suelo, mitigación de inundaciones, ahorro de espacio superficial, para 
almacenamiento del agua, ventajas en riego, aumento del flujo en ríos, control de intrusión salina. 
Los proyectos de recarga requieren sumos cuidados técnicos y personal capacitado. 


Es muy común suministrar agua mediante pozos a las extensas zonas de riego por bombeo y a 
la mayoría de los desarrollos industriales. (Universidad Nacional de Colombia. Las Aguas Subterrá- 
neas). 


Determinaciones comunes de la calidad se refieren a los cationes de calcio, magnesio, sodio y 
potasio, y alos aniones, sulfato, cloruro, carbonato, bicarbonato y nitrato. Además, se determinan las 
propiedades, como la temperatura, la dureza, el color, la conductividad eléctrica, los sólidos totales 
disueltos, la demanda de oxígeno y la relación de absorción de sodio, sin descartar otros constitu- 
yentes menores de acuerdo al uso del agua, la contaminación o propósitos específicos, realizando 
determinaciones de boro, hierro, manganeso y fosfato, los metales pesados como cadmio, cobre, 
cromo y mercurio, plomo y zinc, los no metálicos como arsénico y selenio, los hidrocarburos y los 
compuestos orgánicos y los isótopos deuterio, oxígeno 18 y tritio. (CONAGUA). 


En la representación de resultados de análisis de laboratorio se emplean gráficas o diagramas para 
correlacionar y comparar las características del agua en diferentes sitios o a lo largo del tiempo. Los 
diagramas de concentración iónica que muestran el contenido total de sales y su distribución entre 
los principales iones. Es muy utilizado el diagrama de Collins y el de Stiff. Las normas de calidad 
del agua subterránea determinan los contenidos permisibles de sus componentes físicos, químicos o 
bacteriológicos, disueltos y en suspensión, según el uso a destinar. Las normas de la OMS y la Orga- 
nización Panamericana de la Salud, regulan sobre el agua para consumo humano y están basados en 
la toxicidad de los componentes disueltos. Otras normas son establecidas para el uso agropecuario y 
los procesos industriales. Si los acuíferos son superficiales están expuestos a posible contaminación, 
pot lo cual el muestreo regular (mensual), es obligatorio. Fuentes de contaminación son: zonas urba- 
no industriales, descargas de aguas residuales a terrenos permeables, lixiviación de residuos sólidos, 
rellenos de basura, entre otros. 


En muchos países, en diferentes zonas y centros urbanos, cuando se presentan fallas continuas en 
el servicio de agua, la presión social emprende directamente la profundización de pozos y posterior 
uso y venta del agua, sin tomar en consideraciones del control, aspectos técnicos imprescindibles, 
desconocimiento de las condiciones hidrogeológicas de los acuíferos, lo cual puede perjudicar la 
captación, calidad del agua producida y acortar la vida del proyecto. (Fundación Marcelino Botín). 


Como conclusión debemos considerar que el agua del subsuelo constituye un recurso muy impotr- 
tante, invalorable para la vida terrestre, pero de difícil gestión por su sensibilidad a la contaminación 
y sobreexplotación, que amerita control y un tratamiento técnico y sanitario adecuado en su aprove- 
chamiento racional. 
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Ángel R. P. Paulo G. C.5* José Herrero N.? 


Abstract 

In orderto learn about the accumulated 
knowledge on Mining 4.0, and its im- 
plementation, a documentary review 
has been carried out that provides ba- 
sic information about the technologies 
that have been used in this evolution- 
ary stage of the mining industry, the 
trends that are being defined and the 
benefits for the shareholders of the 
companies, society, the environment 
and the States. The review allowed us 
to conclude that this fourth industrial 
revolution has come to the mining in- 
dustry to stay, because, until now, the 
benefits it is generating are more than 
the harm, but, at present, taking the 
step to mining 4.0 is, for many, difficult 
and costly, however, it is possible to 
outline the objective, define goals and 
start venturing into this evolutionary 
step of the industry, to the extent that 
the essential technological resources 
may be available. 


Resumen 

Con la finalidad de aprender acerca 
del conocimiento acumulado en ma- 
teria de Minería 4.0, y su implemen- 
tación, se ha realizado una revisión 
documental que brinda información 
base acerca de las tecnologías que se 
han estado empleando en esta etapa 
evolutiva de la industria minera, las 
tendencias que se están definiendo y 
los beneficios para los accionistas de 
las empresas, la sociedad, el ambien- 
te y los Estados. La revisión permitió 
concluir que esta cuarta revolución 
industrial ha llegado a la industria mi- 
nera para quedarse, pues, hasta el 
momento, son más los beneficios que 
está generando, que los perjuicios, 
pero, en la actualidad, dar el paso a 
minería 4.0 es, para muchos, difícil y 
costoso, sin embargo, se puede trazar 
el objetivo, definir metas e ir incursio- 
nando en ese paso evolutivo de la in- 
dustria, en la medida que los recursos 
tecnológicos esenciales puedan estar 
disponibles. 


Recibido: 1-8-22; Aprobado: 18-8-22 


Resumo 

Para aprender sobre o conhecimen- 
to acumulado sobre Mineracáo 4.0 e 
sua implementacáo, foi realizada uma 
revisáo documental que fornece infor- 
macódes básicas sobre as tecnologias 
que vém sendo utilizadas nesta etapa 
evolutiva da indústria de mineracáo, 
as tendéncias que e os benefícios 
para estáo sendo definidos os acio- 
nistas das empresas, a sociedade, o 
meio ambiente e os Estados. A revi- 
sáo permitiu-nos concluir que esta 
quarta revolucáo industrial veio para 
a indústria mineira para ficar, porque, 
até agora, os benefícios que está a 
gerar sáo mais do que os malefícios, 
mas, atualmente, dar o passo para a 
mineracáo 4.0 é, para muitas, difíceis 
e onerosas, porém, é possível tragar 
o objetivo, definir metas e comecar a 
se aventurar nessa etapa evolutiva da 
indústria, na medida em que os recur- 
sos tecnológicos essenciais estejam 
disponíveis. 


Palabras clave/Keywords/Palabras-chave: 
Accionistas, acionistas, ambiente, environment, Estados, meio ambiente, Mineracáo 4.0, Minería 4.0, Mining 4.0, shareholders, so- 


ciedad, sociedade, society, States. 


Introduction 


At present, mining is immersed in the fourth in- 
dustrial revolution, so there is talk of “Mining 4.0” in 
the framework of which technologies such as the 
Internet of Things (loT ), Artificial Intelligence (Al ), 
Machine Learning (ML) , Big Data Analytics , Virtual 
Reality (VR ) and Augmented Reality (AR ), Digital 
Twins (DT ), among others, are applied, that is, it 
is the transformation of mining that we have been 
experiencing, through technological innovation in fa- 
vor of converting it into an increasingly efficient mi- 
ning in all areas (business, society, the environment, 
among others), in contrast to what Byrne 8 Engdahl 
(2021) have reflected, that there is currently 70% 
operating efficiency, between 30% and 50% of ope- 
rating costs are spent on plant, fleet, and equipment 
maintenance. 


lf a mining that coexists in harmony with the 
communities that could be in the area of influence 
of the operations, that reduces emissions, that re- 
duces or eliminates the negative impact on the wa- 
ters, that really protects the safety and health of its 
workers, that facilitates the prevention, monitoring, 
and control efforts of government agencies, and that 
increases the benefits of shareholders, is desired, 
then it is necessary to implement Mining 4.0. 


Mining 4.0 is possible, to the extent that more 
and better data is constantly being collected, here 
sensors play a key role. 


Sensors 


Kiziroglou et al. (2017) stated that the use of 
sensors is already widespread in mining, including 


Min"Eng”, MSc. Full Professor. Universidad de Oriente (UDO). e-mail: apauloudoíWgmail.com 
* Geol”Eng”, MEng. Full Professor. UDO. e-mail: ¡joseherreron(Vhotmail.com; 
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in applications such as automa- 
tion and remote operation, and 
data analysis for control and op- 
timization, they have also stated 
that in mining, sensors are of 
great relevance in the control of 
driverless vehicles, the remote 
operation of equipment and also 
the management and monitoring 
of assets, site security and the lo- 
cation of personnel, for this, the 
main sensors are satellite posi- 
tioning systems (GPS) and posi- 
tioning systems (based on radio 
frequency), dead reckoning sys- 
tems (position tracking based on 
inertial sensors), beacon sensors 
and tagging technology. 


Kiziroglou et al. (2017), com- 
plemented that imaging, 3D ran- 
ging and mapping sensors are 
widely used in local and remote 
surveillance of operations, moni- 
toring and control of equipment 
and vehicle automation, in lar- 
ge-scale surveying and mapping, 
battery monitoring of storage, mo- 
nitoring of the evolution of exca- 
vations, tonnage, rock monitoring 
and particle measurement. The- 
se sensors can be: CCD, CMOS 
, Infrared, depth; also, three-di- 
mensional mapping, which is ba- 
sed on a combination of optical 
and position/orientation sensors, 
sometimes complemented with 
other hardware such as depth 
and proximity detection, and spa- 
tial reconstruction software. 


In relation to proximity sen- 
sors, Critchley (2019) has poin- 
ted out that they are installed in 
machinery, vehicles and equip- 
ment to avoid collisions of any 
kind and have devices that emit 
visual and sound alerts. 


In the activities of quality 
control from operations, Kizi- 
roglou et al. (2017) revealed that 
MineSense has brought to mar- 
ket systems capable of detec- 
ting payload, including ore grade 
assessment, using high-speed 
XRF and high-frequency elec- 
tromagnetic  spectroscopy. lts 
ShovelSense product, which can 
be retrofitted to existing shovels, 


34 


is capable of deciphering ore tai- 
lings in real time, in addition to 
quality analysis. This information, 
provided to the machine operator, 
allows the sorted ore to be opti- 
mally loaded onto waiting trucks. 


In exploration, sensors are 
used in remote sensing methods 
in order to cover large areas of 
land and discard areas, in such a 
way, to concentrate on those that 
indicate anomalies, in this regard, 
Kiziroglou et al. (2017), mentio- 
ned Gravity Gradiometry and Ti- 
me-lapse Seismic monitoring. 


One of the uses of sensors 
in underground mining is when 
Automated Temporary Roof Su- 
pports, Mobile Roof Supports 
and Automated Roof Bolting Sys- 
tems are implemented, and then 
sensors can be used to measure 
if there is any movement within 
the rock face over time, and to 
inform operators if further mea- 
sures need to be implemented. 
One of the most innovative uses 
of sensors in the mining industry 
in recent years is the shift towards 
automated mining operations. 
While this has been aided in 
conjunction with the implemen- 
tation of loT, Industrial Internet of 
Things (lloT), and advanced data 
analytics methodologies, sensors 
are still at the heart of data collec- 
tion processes. (Critchley, 2019). 


“The use of smart sensors 
tends to generate 34 billion dol- 
lars in value for the sector, becau- 
se it facilitates the maintenance 
and use of equipment, reducing 
failures and reducing downtime” 
(Carvalho, 2021). 


The technology of  sen- 
sors placed in the drills, both for 
self-diagnosis and for gathering 
information on drilling variables, 
geology, and the quality of the 
rocks being drilled, contributes 
significantly to decision-making 
in real time. 


Sensors are very useful for 
measuring the composition of 
materials being processed at di- 
fferent processing stages, accor- 


ding to Kiziroglou et al. (2017), 
they serve to control the benefit 
equipment and the classification 
by grade of the ore during pro- 
cessing, also in the excavation 
and hauling stages. 


Kiziroglou et al. (2017) have 
indicated that XRF and X-ray di- 
ffraction (XRD) are used for ore 
grade analysis in the laboratory 
setting, but on-site portable in- 
struments for some analytical 
techniques are becoming in- 
creasingly available. They have 
also argued that advances in 
micro-engineering have enabled 
the development of portable devi- 
ces such as the miniature Moss- 
bauer spectrometer, originally 
developed for NASA and now 
proposed for mining analysis. 


Complementing what was 
stated by Kiziroglou et al. (2017) 
in terms of metal detection sen- 
sors, there is the Magnetic Reso- 
nance sensor technology presen- 
ted by Next Ore (2020) with which 
it is possible to detect metals that 
are being searched for. 


They explain Next  Ore 
(2020), that Magnetic Resonance 
(MR) is a form of Radio Frequen- 
cy (RF) spectroscopy that can be 
used for the quantitative measu- 
rement of minerals in ores. In the 
MR technique, each mineral has 
a specific “resonance” or respon- 
se at a particular radio frequency. 
Resonances are highly discrimi- 
nating, as it is extremely rare for 
a resonance to overlap another 
mineral's resonance. Therefore, 
the method involves tuning one or 
more specific minerals of value to 
the target operation, all of which 
enables high-speed sorting of 
bulk minerals; has been proven 
in various operations around the 
globe with varying throughput ra- 
tes in both passive detection and 
active bulk ore sorting systems. 


Kiziroglou et al. (2017), have 
exposed that the integrated ana- 
lysis of data from heterogeneous 
extraction and transport sensors, 
with data from sensors generated 
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in the processing (such as from air/gas mass flow 
meters that can be beneficial to improve flotation 
efficiency during the foam phase and the hydrody- 
namic characteristics of the pulp phase), could lead 
to more accurate and efficient end-to-end manage- 
ment of products and systems. 


Hansford Sensors (2021) have argued that low 
profile, side entry accelerometers can be used for 
crushers, screens, conveyor pulleys and drives, and 
where access is restricted, and that these sensors 
are suitable where debris or dust can affect the per- 
formance of a device. 


Robben 8 Wotruba (2019) cited by Nwaila et al. 
(2022), described the development in sensor-based 
dry mineral classification and concluded that this 
type of classification is receiving more consideration 
within the minerals industry. (See table 1). 


The use of sensors for health and safety, accor- 
ding to Kiziroglou et al. (2017), can allow continuous 
monitoring of the location and health status of mine 
workers, which is possible thanks to portable sen- 


sors that measure parameters such as the level of 
cumulative exposure to hazards (for example, radia- 
tion or powder), heart rate and blood oxygenation, 
among others. The collected data is transmitted in 
real time to an analysis server. 


Complementing what was stated by Kiziroglou 
et al. (2017), Critchley (2019), in terms of safety, has 
mentioned gas, dust, tiredness, and fatigue sensors. 


Regarding dangerous areas, Kiziroglou et al. 
(2017), have reported that in hazardous area fen- 
cing systems, portable detectors can provide a war- 
ning and trigger a preventive shutdown when appro- 
aching or entering an unsafe area. 


In terms of sensors, the safety helmet presen- 
ted by Pradeepkumar et al. (2021), which consists 
of a “smart” helmet based on LoRaWAN techno- 
logy and that contains a device that keeps the user 
alert about the quality of the air in their environment, 
so that user can take measures to avoid damage to 
their health. 


Table 1. Recognition systems and techniques for water-aware sensor- 
based classifiers, with examples used in the minerals industry. 


Sensor/Tecnolog, Material prope Lo Appliedto | 


Radiometric (RM) Natural radioactive decay 
(mainly gamma rays) 


X-Ray Transmission X-ray attenuation 
(XRT) coefficient 


O AG Elemental composition 


Uranium, precious metals 


Base/precious metals, 
coal, diamonads, etc. 


Base/precious metals 


Visible luminescence 
under X-rays 
Reflection/adsorption of 
visible radiation 
Color, reflection, 
brightness, transparency 
Monochromatic 
reflection adsorption 
Reflection/adsorption of 
NIR radiation 
Thermal conductivity, 
heat dissipation 
Microwave excitation and 
thermal infrared 
detection. Sulfides and 
metals heat up faster 
than other minerals 


X-Ray rei Diamonds 


Visual Specromety Metals, industrial 
minerals, gems 
Precious/base metals, 


CCD color camera (COL] industrial minerals, gems 


Photometric (PM) Industrial minerals, gems 


Base metals, industrial 
minerals 

Base metals, industrial 
minerals 


Near Infrared 
ectroscopy (NIR 


Infrared camera (IR) 


Thermal Infrared or IR 
Microwave 


Laser triangulation (3D) 


Prompt gamma neutron 
activation analysis 
PGNAA 
Laser Induced 
eri 


Base metals, precious 
metals 


Base metals, precious 


Hull detection 
metals, ferrous metals 


Fast gamma ray 

: cd Ferrous metal 
absorption and emission 
Composition-dependent 


Industrial minerals 
plasma spectrum 


Spectroscop 
Adsorption of laser light 
and spontaneous 


Laser Induced 
Fluorescence (LIF) já E 
emission of light 


papis Sensor ao 
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Industrial minerals 


Base metals 


Internet of Things 


The loT, given its great capacity 
to collect information in real time, as 
well as its ability to process, correla- 
te, and analyze it, represents a great 
resource in operations, as well as in 
the monitoring and control of plans; 
data related to personnel, machine- 
ry, equipment, tools, third-party ser- 
vices, among others, can be mana- 
ged in favor of productivity, all this, 
within the mine facilities or anywhere 
on the planet with adequate internet 
service. 


lt is a platform for the integra- 
tion of internal and external activities 
at the mines, which are part of the 
Operation, as well as clients and su- 
ppliers, as long as there is integra- 
tion of information. Going further, it 
can also be the appropriate means 
for the integration of the different 
mineral resource production opera- 
tions that the same firm or corpo- 
ration may have in different parts 
of the planet, being able to achieve 
economies of scale and synergies 
that are more difficult to achieve se- 
parately or cannot be achieved with 
maximum efficiency in the interest of 
maximizing profitability. 


The deployment of 5G cellu- 
lar network technology contributes 
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significantly to loT processes, Al, 
as it is capable of greater ban- 
dwidths, higher speeds with lower 
latency (around 10% less than 
that obtained with 4G networks) 
all this will result in greater in- 
formation capture (more devices 
connected and exchanging data) 
and its processing, as well as the 
use of the “cloud” to store, will 
also favor the implementation of 
DT, with which simulations and 
evaluations will be possible, in 
constant evolution, thanks to the 
possibility that the mathematical 
models involved are constantly 
improving from the data that is 
obtained in real time. 


Molaei et al. (2020) have sta- 
ted that mines are using loT for 
gas detection, machinery positio- 
ning, personnel location and tai- 
lings dam monitoring, and have 
indicated that it is a technology 
that looks promising to achieve 
in mines, that the consumption 
of energy to be more efficient, to 
create intelligent environments, 
to optimize risk management 
and mitigation plans, to use the 
“cloud” as an information sto- 
re, and for “smart” production, 
among others. 


Carvalho (2021) stated that 
the loT can help reduce risks 
during the processing of coal 
mixtures, control the unloading 
zone of the mines and eliminate 
possible errors caused by human 
error, which reduces the costs of 
the process and the service, and 
increases the quality of products. 


Based on loT, preferably 
with 5G networks or failing that, 
any other low latency option, and 
with the contribution of VR and 
AR technologies, mining is ten- 
ding to establish Remote Opera- 
tions Centers (ROC), which have 
a very important value for the 
safety and environment of work 
for employees, since it makes it 
possible to extract them from pla- 
ces as risky as mines, regarding 
these ROCs; Cornejo (2022), has 
expressed that they help promote 
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the transfer of knowledge among 
the miners, since they are all in 
the same place at the same time. 
Other benefits include a reduc- 
tion in the costs associated with 
moving both qualified specialists, 
and mine workers to the site. 


In favor of occupational heal- 
th and safety, diverse technologi- 
cal resources can carry out dirty, 
dangerous and degrading jobs 
that were previously carried out 
by workers, in addition, Al is used 
to carry out medical diagnoses of 
workers. (Cornejo, 2022). 


Carvalho (2021) has expo- 
sed that through technological 
innovations, it is estimated that 
by 2025, worldwide, a thousand 
lives can be saved, and 44 thou- 
sand people will not be injured 
during mining operations. 


Vella (2017) cited by Hyder, 
Siau 4 Nah (2019) have indica- 
ted that with the help of Al, ML 
and autonomous technologies, 
the exposure of workers to ha- 
zardous mining operations can 
be minimized. The machines can 
autonomously monitor the atmo- 
sphere, send signals and war- 
nings, locate problem areas, and 
work continuously even in dange- 
rous situations. 


Cornejo (2022) argues that 
digitalization and the implemen- 
tation of autonomous technolo- 
gy have had a great positive im- 
pact on the health and safety of 
miners, in many ways. The most 
important factor is, of course, re- 
moving the operator from the cab 
of the machine and allowing them 
to operate from the safety and 
comfort of an ergonomically de- 
signed chair. This also eliminates 
exposure to noise, fuel particles, 
and extreme weather conditions. 
In addition to this, operators are 
protected from possible dangers 
such as machine collisions or 
falls while carrying out tasks on 
site. 


Hyder, Siau € Nah (2019) 
have expressed that data visua- 


lization and analysis techniques 
can be used to analyze the cau- 
ses and factors that lead to acci- 
dents and preventive measures 
can be designed with a greater 
focus on eliminating the causes 
of accidents. Intelligent systems 
designed with a focus on elimi- 
nating potentially hazardous si- 
tuations, reducing or completely 
eliminating human presence in 
risky and hazardous work, instal- 
ling roof supports, and removing 
hazardous gases and dust, can 
help reduce accidents and de- 
aths. 


Artificial Intelligence and 
Machine Learning 


Marr (2016), and Wang 48 
Siau (2019) cited by Hyder, Siau 
8 Nah (2019) have agreed that 
Al and ML are two technologies 
that have the potential to change 
the technological framework of 
the future and both depend hea- 
vily on Big Data Analytics. All this 
has been complemented by Ali 8 
Frimpong (2020) who have sta- 
ted that Al and ML are currently 
the two main pillars of modern 
automation technology, and that 
these two fields have influenced 
almost all industries with thou- 
sands of millions of dollars inves- 
ted to advance beyond the limits; 
they conclude, stating that in mi- 
ning, they can be applied from the 
beginning of the mining project 
to the end of the mine life cycle, 
from prospecting to production, 
closure, and mine reclamation. 


Al systems and data analy- 
sis software can be fed geologi- 
cal, topographical, mineralogical 
and mapping data and used to 
identify anomalies and variations 
in the data and to locate areas of 
potential interest. Some research 
in this field is already underway, 
and Goldspot Discoveries Incor- 
porated is using such a system 
as an experimental basis for gold 
discovery. Similarly, Goldcorp, 
and IBM Watson are working to- 
gether to filter big geological data 
to improve the accuracy of mine- 
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able prospect selection. (Walker (2017) cited by Hy- 
der, Siau 8 Nah (2019)). 


Al and ML can be applied to develop stand-alo- 
ne drills that can locate potential sites identified in 
the prospecting stage and conduct drilling activities, 
and can feed drill log data into the system. This tech- 
nology can also be implemented during production 
drilling. (Hyder, Siau, 8 Nah, 2019). 


Di et al. (2019), and Ghorbani et al. (2020) cited 
by Nwaila (2022), have shown that there are many 
good reasons to apply Data Analytics and ML in the 
mining and metals industry, such as: (a) the avai- 
lability of vast data sets that they often cannot be 
visualized and interrogated practically; (b) complex 
systems that may exclude fully deterministic and re- 
ductionist solutions; (c) prediction of geological stru- 
ctures/features and performance of metallurgical 
plants that cannot be reconciled using conventional 
methods; and (d) a need for business improvement. 


Kobold Metals has been employing Al and 
ML to find mineral deposits, while arguing that the 
mining industry is poised for a major digital trans- 
formation; among other activities, they have been 
compiling scientific and historical data, among the 
information that is in the public domain, of which 20 
million pages are estimated, among which there ¡is 
what they have called “dark data” (that has been for- 
gotten, or not have been used), and that by being 
digitized and processed with the technology avai- 
lable to them, among which spectral satellites stand 
out, they can help build a kind of Google) Map of 
the earth's crust; with all this, Kobold Metals aims 
to increase the success rate to 20% in contrast to 
the scenario observed in the last 30 years in the 
world in which “the number of discoveries per dollar 
of exploration capital has been reduced six times” 
(McGee, 2022). 


According to Okada (2022), Convolutional Ne- 
ural Networks (CNN, the acronym ConvNet is also 
used) and Deep Learning (DL ) are expected to 
effectively contribute to the achievement of geophy- 
sical data inversion. 


Ali 8 Frimpong (2020) have shown that the use 
of surface and subsurface images can be imple- 
mented for mapping and geological exploration, re- 
lying on state-of-the-art DL algorithms together with 
CNN, with which high precision can be obtained. 


According to Ali 8 Frimpong (2020), Al can be 
used to achieve smart planning and operations in 
mines by making use of “advanced master data 
management, workflow management and predicti- 
ve analytics capabilities to analyze different types 
of data in real time, and optimize short-term plan- 
ning, scheduling and transportation”; they have also 
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argued that intelligent algorithms can be used to 
support the decision-making process aimed at se- 
lecting the production assets required in a mining 
project. 


Hyder, Siau 8 Nah (2019) have explained that 
an important application of Al in the mining industry 
can be the detection of hazards, especially dange- 
rous gases, toxic dust and radiation in the mine. Al 
systems can be developed to inspect the workplace 
before the workers through the use of robots, sen- 
sors, and data collection from pre-installed monito- 
ring stations. These stations can activate alarms, 
give warning signals and block off the affected area 
to reduce the further spread of the hazard. When 
connected to mine fans and ventilation networks 
through intelligent systems, Al systems can direct 
airflow, increase or decrease the amount of air and 
pressure of mine fans, and turn on and off stop cer- 
tain fans to automatically direct hazards out of the 
mine. This can improve the safety of mining opera- 
tions, reduce downtime, increase productivity, and 
lower accidents, and related costs. 


Hyder, Siau € Nah (2019) have predicted that 
Al and ML can be implemented in machinery such 
as shearers, coal cutters, jumbos, conveyors, cutting 
heads, and road headers to direct their operations, 
automate the application of energy in the cutter he- 
ads to match rock strength, and hardness, monitor 
gas and methane inrush during operation, continu- 
ously monitor the condition of the roof while it is in 
operation, and disseminate data on working condi- 
tions to make informed decisions, and take correcti- 
ve action far before the problems escalate. 


Regarding sampling, Hyder, Siau, € Nah 
(2019), have predicted that autonomous samplers 
can sample minerals, atmosphere, gases, dust, and 
toxic materials, even in areas of high concentration. 
Intelligent continuous monitoring systems can pro- 
vide early warnings, suggest preventive measures, 
and reduce the need for workers to access the ha- 
zardous area to take samples, and these Al systems 
can reduce the need to bring in samples for labo- 
ratory testing by providing images, perform on-site 
tests and communicate the results when necessary. 


Hyder, Siau 8 Nah (2019) argue that the dan- 
gerous aspect of roof support in underground mines 
is automatable as an integral part of continuous mi- 
ning machinery. 


Regarding the transformation of minerals, Mar- 
tens et al. (2021), based on what was stated by di- 
fferent authors, between 2005 and 2021, has stated 
that Computer Vision is used for the analysis of size 
distribution, mineral classification, mineral material 
composition analysis, digital image processing in 
metallurgical plants and froth flotation analysis, have 
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also stated that advances in tech- 
nology, such as in-line soft sen- 
sors for mineral processing, and 
ML algorithms, empower new 
ways to optimize grinding and flo- 
tation processes. 


For both crushing and classi- 
fication, both Al and ML are use- 
ful for intelligent and automated 
control of particle size monitoring 
and mineral content. Chauhan et 
al. (2016), Okada et al. (2020), 
and Deo et al. (2021) cited by 
Mishra (2021). 


In terms of crushing, Tessier, 
Duchesne € Bartolacci (2007) 
cited by Mishra (2021), have ar- 
gued that sensors and Al (Sen- 
sAl) go hand in hand. The goal 
is to optimize the performance of 
the crushing stage. For this, the 
sensor typically needs to detect 
the particle size or mineral sig- 
nature of the particles at both 
the inlet and outlet of this step. 
Sensors with ML algorithms can 
be used to ensure that the size of 
rocks entering a mill, and onto the 
conveyor belt is not too large to 
cause failure; additionally, Zhou € 
Sun (2020), and Ostasevicius et 
al. (2021) cited by Mishra (2021), 
have stated that SensAl can also 
be used to monitor the wear of 
crushing and sizing equipment. 


The speed of execution or 
computational complexity of ML 
algorithms is of critical importan- 
ce, as most decisions need to 
be made in real time as minerals 
move on a conveyor belt. If the fe- 
atures are carefully selected, sim- 
ple ML algorithms can also give 
very good results. (Mishra, 2021). 


In the case of the concen- 
tration phase, Mishra (2021) 
has stated that the methodology 
involves the use of sensors (so- 
metimes existing and sometimes 
new) to generate data about the 
process, which are then used by 
ML algorithms to optimize and 
diagnose the process (in search 
of possible failures), on the other 
hand, Horn et al. (2017) cited by 
Mishra (2021), have recommen- 
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ded that for float cases the use of 
CNN is preferable given the low 
performance obtained with ML. 


In dewatering, ML-based al- 
gorithms have shown potential 
to improve efficiency. (Raman € 
Klima (2019), and Tripathy et al. 
(2021) cited by Mishra (2021). 


According to Hosseini 8 Sa- 
manipour (2015), and Feng et al. 
(2015) cited by Mishra (2021), 
sensors and Al are increasingly 
used to obtain and process infor- 
mation about the characteristics 
of materials, at the beginning, 
and at the end of each stage in a 
processing plant. 


According to Jeswiet 8 Sze- 
keres (2016) cited by Hyder, Siau 
82 Nah (2019), Al-based systems 
can be designed to classify mi- 
nerals. These systems may use 
color sorting, X-ray transmission, 
or near infrared sensors to remo- 
ve debris from the ore. They can 
be designed to take advantage of 
differences in physical properties 
such as specific gravity, density, 
gloss and weight, mineralogical 
compositions and chemical pro- 
perties. Applying these systems 
before grinding and crushing 
equipment, can greatly increa- 
se the efficiency of the crushing 
process and reduce energy cost, 
as crushing and grinding are the 
most critical parts of the mineral 
processing cycle, more energy 
consume, and are less efficient. 


Ali 8 Frimpong (2020) have 
argued that being able to predict 
the concentrate grade and reco- 
very for a given configuration, 
and obtain optimal values for all 
important variables involved, is 
key to designing an efficient flo- 
tation configuration for coal and 
complex metallic minerals. ML 
and Al can help design an algo- 
rithm/model that, based on the 
plant goal, includes optimal flota- 
tion conditions involving all signi- 
ficant variables, and can maximi- 
ze the plant goal. 


Mishra (2021) has argued 
that as ore processing increasin- 
gly requires more chemicals that 
are more tailored to the material 
at each stage of the process, this 
is a rich field for Al innovation. 


ML and Al models can po- 
tentially  complement existing 
process models in mineral pro- 
cessing. Because these models 
are faster to develop and easier 
to refine, they can prove valuable 
in mineral processing. (Eirinakis 
et al. (2020), and Zobel-Roos et 
al. (2020) cited by Mishra (2021). 


Nwaila et al. (2022) argue 
that sensor technology, data 
processing, analysis and ima- 
ge recognition based on Al are 
fundamental requirements in the 
short and medium term to create 
autonomous discrimination and 
classification systems that could 
include functionalities such as 
sensor-controlled classification 
using mechanical separation. 


The use of sensors and Al, 
according to Betrie et al. (2013), 
and Tousi et al. (2021) cited by 
Mishra (2021), may be used by 
government agencies to monitor 
the effects of tailings in mines, 
which may be possible thanks to 
remote sensing as stated by Hao, 
Zhang 8 Yang (2019), and Yan et 
al. (2021) cited by Mishra (2021). 


Mishra (2021) has argued 
that as part of the evolution of 
mineral processing, the use of 
organic compounds will be ne- 
cessary, and that Al has proven 
to be efficient in the design of the 
appropriate catalysts. 


abcdust (2022) state that Al 
and loT can help optimize dust 
control measures on haul roads, 
and crushers, ensuring the cor- 
rect dose of additives and water 
is applied, at the right time and in 
the right way, for dust control. Not 
only will this improve dust control 
at the mine, it will reduce water, 
additives, energy, labor and asso- 
ciated CO, emissions by 50%. In 
the particular case of haul roads, 
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it will also reduce the risk of trucks hydroplaning, 
and the frequency of road maintenance, avoiding 
accidents and loss of productivity. 


Immersive technologies 


The most used immersive technologies in mi- 
ning are: VR, AR, and DT. 


VR is generated by software and audiovisual 
transmission, it is about the recreation of aspects of 
real life; in these recreations, users feel inside them. 
The usefulness lies in the possibility of performing 
simulations, and for education. 


It is possible with VR to take a virtual tour, even 
on a 1:1 scale, of a mine, take an “aerial” or “under- 
ground” or “surface” tour, you can see the geological 
structures, the drilling that has been carried out, the 
infrastructures that exist, and those that have been 
planned, as well as those that existed, the machi- 
nery, equipment, vehicles and any other that are in 
operation, the processing plants, and all represen- 
tation of the mine that has been fed and is being 
updated in real time. 


AR allows remote inspection and assistance by 
experts, who are remote, to machinery, equipment, 
processing plants, among others; it is also possible 
to carry out maintenance and repairs assisted by 
experts, who, being remote, can guide less expe- 
rienced personnel in carrying out what is necessary, 
can send people in the field, manuals, images and 
comments, can guide them step by step. 


In terms of operations, AR is very useful for su- 
pervisors and experts, without having to be in the 
mines, to guide operations, monitor and control, and 
prevent accidents. This technology has potential in 
this area to increase productivity and could encoura- 
ge the commitment of workers with their obligations 
and organization. 


Through DT technology it is possible to have 
a virtual copy of the different mining processes, in 
this copy it would be possible to test changes and 
evaluate results before implementing them or deci- 
ding not to implement them, of course, precise digi- 
tization of absolutely everything that is you want to 
replicate, it is required to apply the aforementioned 
technologies and others that will be mentioned later, 
if required; the effectiveness of this technology de- 
pends to a large extent on the digital base informa- 
tion of land, machinery, equipment, vehicles, tools, 
various production infrastructures, and in short, eve- 
rything related to what is wanted to be represented, 
on the other hand, is highly important to have the 
appropriate quantity and quality of sensors that are 
constantly collecting information about everything 
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that happens, undoubtedly, all this without adequate 
mathematical modeling and its versatility to undergo 
modifications based on the processed data and the 
results generated, it would not be really helpful. 


Creating DT and virtual models and roadmaps 
requires new and unique skill sets that include criti- 
cal thinking, data visualization, and proactive deci- 
sion-making based on predictive analytics. (Deloitte 
(2021) cited by DCC (2022). 


There are numerous opportunities to optimize 
operations using DT technology, from pit to port, ex- 
plained Martin Provencher, Industry Director, Mining 
and Metals, AVEVA, as reported by DCC (2022). 


Singh et al. (2021) have expressed that there 
is a high cost associated with the implementation of 
DTs, which undermines the aspiration of reaching 
the maximum potential of this technology; have 
exposed that the whole process of developing ul- 
tra-high-fidelity computer models and their process 
simulation to create a DT is a time- and labor-in- 
tensive exercise that also requires a great deal of 
computing power to run, which makes that the DT is 
an expensive investment. 


By means of AR, it is possible to contribute to 
the realization of better, more precise and effective 
perforations, with which it is possible to avoid the 
undesired results of blasting; it is possible with this 
technology for operators to interact with expert dril- 
ling and blasting engineers. 


Leveraging DT technology for drill and blast de- 
signs and digital modeling of life of mine plans can 
help operators better forecast, allocate, track and 
manage resources. This can improve data manage- 
ment, accuracy, and efficiency. (Deloitte (2021) cited 
by DCC (2022). 


Regarding the DTs, Nad et al. (2022) have 
shown that metallurgical plant simulations allow 
DT applications to predict short- and long-term pro- 
cess operation scenarios with alternative operating 
actions, and varying mineral characteristics. lt in- 
tegrates mining data, feed ore characteristics, and 
plant online sensor data with a detailed dynamic 
processing model based on plant mineral particles, 
and includes powerful online prediction and adapta- 
tion algorithms for model parameters. The results of 
what-if predictions from a metallurgical DT are rea- 
dily available to select the best targets and control 
strategies for advanced process control of different 
plant areas, find the best approaches for different 
production events and scenarios, and even estimate 
the missing information from the sensor. 


Several commercial software tools are available 
to build models that describe the dynamic and ste- 
ady-state behavior of mineral processing circuits. 
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Some examples are USIMPAC, 
JKSIMFloat, SUPASIM, MOD- 
SIMTM, and HSC Chemistry Sim. 
(Nad, et al., 2022). 


They affirm DCC (2022), 
that DT technology can be used 
to improve efficiency and reduce 
carbon emissions throughout the 
supply chain. 


Another great contribution in 
the workplace is represented by 
VR, through which it is possible to 
train employees of mining com- 
panies, whatever their level in 
the organization, making training 
safer and more efficient, in such 
a way that those trained can fully 
practice what they have been tau- 
ght, in a safe environment, before 
developing it in the real world, is 
to note that for this training it is 
not necessary that those who tra- 
in are present in the same place, 
they can be anywhere in the wor- 
ld with adequate access to the 
Internet, and with the technology 
required for VR. 


VR allows accidents to be 
reconstructed, safety training for 
workers and planning for possible 
emergencies that may arise. On 
the other hand, an expert in in- 
dustrial safety could also see po- 
ssible causes of accidents, long 
before they happen, if the repre- 
sentation of VR is faithful to that 
which exists in physical reality. 


Immersive technologies in 
the mining industry have made it 
possible to create a mining me- 
taverse which they have called 
Minverso  (https://minverso.cl/), 
and which consists of thematic 
showrooms in which, using VR 
glasses, it will be possible to ac- 
cess from anywhere in the wor- 
ld, with adequate internet con- 
nection, in fact, an application 
is even being developed to ac- 
cess from the smartphone; the- 
se showrooms are designed to 
adapt to the needs of companies, 
they will be spaces for develop- 
ment and training. 
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It is noteworthy that there are 
risks for people in the use of im- 
mersive technologies such as, so 
far, they are: potential to create 
accidents due to distraction, also, 
by using VR nausea, eye prob- 
lems, headaches can occur. 


Remote sensing 


Among the various remote 
sensing equipment we have the 
Intelligent Unmanned Systems 
(IUS), which are being very use- 
ful in different areas of the mining 
industry, they are very useful for 
topographical surveys, digitaliza- 
tion in underground and surface 
mines, measurements of prog- 
ress of operations blasting, ins- 
pect operations, inspect access 
roads and haul ramps, slope mo- 
nitoring, material pile inspection, 
environmental monitoring, ins- 
pection of dumps and deposits, 
transportation of tools and other 
artifacts, security inspection of 
mining properties, among others. 


lt should be noted that there 
are several terms related to these 
systems, namely, the term drone 
is used commercially, although 
this word is really referred to the 
flying equipment that in general 
terms can be an RPA (Remotely 
Piloted Aircraft) or a UAV (Unman- 
ned Aerial Vehicle). Now, when it 
comes to the flying device, plus 
the link, plus the ground control, 
then the phrase “system” is used, 
thus existing the RPAS (Remote- 
ly Piloted Aircraft System) and the 
UAS (Unmanned Aerial System). 


RPAs or UAVs can be 
equipped with RGB , LiDAR , 
multispectral , thermal or ther- 
mographic sensors, or magne- 
tometers , among others, with 
which it is possible to carry out 
different information capture ac- 
tivities, both in surface and un- 
derground mines, to feed artificial 
intelligence systems. 


Castro (2022) has indicated 
that in greenfield projects RGB 


images and  photogrammetry 
may be sufficient, but in brown- 
field projects it is preferable to 
use LIDAR technology because 
greater precision is required in 
surveying existing structures, and 
he has stated that this technolo- 
gy is accurate even in adverse 
conditions such as underground 
mining where it is possible to 
capture the work in great detail 
despite conditions of little or no 
light, presence of dust and water. 
Conditions that would make pho- 
togrammetry impossible. 


Currently, the most widely 
used aircraft of this type in mi- 
ning are the Matrice 300 RTK by 
DJI, the Wingtra one GEN ll by 
Wingtra AG or the Ebee GEO by 
Sensefly. 


The information collected by 
UMS could be feeding the opera- 
tions systems in real time, acting 
as sensors, and contributing to 
the improvement of the various 
operations, and contributing to 
decision-making. 


Schodlok, Frei € Segl (2022) 
have exposed that hyperspectral 
remote sensing has been used 
in geology, soil, exploration, and 
mining. New hyperspectral sa- 
tellite systems such as PRISMA 
(PRecursore IperSpettrale della 
Missione Applicativa) and DESIS 
(DLR Earth Sensing Imaging 
Spectrometer) are in operation, 
the European next generation 
hyperspectral satellite  CHIME 
(Copernicus Hyperspectral Ima- 
ging Mission for the Environment) 
and the German system EnMAP 
(Environmental Mapping and 
Analysis Program) was success- 
fully launched into space on April 
1,2022. 


Hyperspectral satellite data 
is an important data source for 
exploration activities,  despi- 
te moderate spatial resolution. 
However, for detailed mapping, 
especially within a zone of mine- 
ralization, high spatial resolution 
hyperspectral data from UAV or 
airborne systems are relevant to 
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understanding and mapping the mineralogy of that 
zone throughout its entirety complexity. (Schodlok, 
Frei, 4 Segl, 2022). 


Muñoz (2021) has pointed out that the expo- 
nential progress of digital technology, and the appe- 
arance of drones for photogrammetry, allow precise 
knowledge of the geometry of the fronts to be blown 
up, or of the sections of the galleries in the case of 
underground mining; he has also expressed that the 
use of drones is very significant in the digital design 
of blasting, and that the safety of personnel in the 
field has improved significantly, while a reduction in 
the time for obtaining data for blasting optimization 
has been achieved, and increased accuracy; on the 
other hand, he affirms that “drilling must also take 
advantage of the latest technologies to gain preci- 


sion for the benefit of the client” 


Autonomous operations 


Autonomous operations allow costs and acci- 
dents to be reduced, which is in line with the con- 
stant search for better productivity levels that help 
improve competitiveness and increase the value of 
shares. 


Autonomous operations re-quire digitization as 
precise as possible, which is very useful base infor- 
mation in the systems that have been described in 
the preceding paragraphs. 


According to Adams (2022), to communicate, 
autonomous mining trucks rely on: wireless commu- 
nications, object detection/avoidance systems, Glo- 
bal Positioning System (GPS); he has also stated 
that: “These trucks can transport up to four hundred 
tons of ore and transport it accurately without hu- 
man interaction” What Adams pointed out is part of 
what Kiziroglou et al. (2017) had pointed out about 
autonomous trucks and the sensors they use; ad- 
ditionally, Kiziroglou et al., had pointed out that the 
developments foreseen in this area derive mainly 
from the rapid development of Advanced Driver As- 
sistance Systems (ADAS) for passenger cars, which 


include functions of navigation, collision avoidance, 
assistance of parking and automatic parking, lane 
change assistance and adaptive cruise control. Due 
to the variety of requirements, these systems also 
integrate ultrasound and LiDAR sensors. Mine auto- 
mation is expected to benefit from the improvement 
and cost reduction of these systems in the automo- 
tive market, including, not only sensors, but also re- 
lated software for functional integration. The result 
will be a much richer combination of vehicle auto- 
mation sensor data, and more precise and reliable 
control. The availability of data regarding the fleet 
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will also allow the optimization of high-level proces- 
ses, taking advantage of stochastic data analysis 
techniques for vehicle maintenance. 


BHP and RioTinto use a fleet of autonomous 
trucks and have reported a 15% reduction in ope- 
rating costs compared to manually operated trucks 
(Dyson (2017), and Simonite (2016) cited by Hyder, 
Siau 8 Nah (2019)). 


Komat'su (2021) has reported that mining truc- 
ks under the control of its FrontRunnerWO technology 
have transported, worldwide, 4 billion tons of mate- 
rials through 400 trucks; while Caterpillar (2022) has 
reported that by the end of 2021 the autonomous 
trucks manufactured by them with their Cat Com- 
mand6 technology had transported 4 billion tons 
and that this year more than 500 of these trucks cir- 
culate in the world. lt should be noted that by May 
2022 there were 1,068 autonomous mining trucks 
in operation worldwide, according to Global Data 
(2022), of which 706 are in Australia at 25 mines. 


Crozier (2016) cited by Hyder, Siau € Nah 
(2019) has stated that at BHP Billiton, autonomous 
drills are equipped with sensors, inclinometers and 
other instruments to perform drilling tasks autono- 
mously, and feed data to drilling analysis packages, 
data to further refine the drilling machine. 


Ali 8 Frimpong (2020), regarding dragline auto- 
mation, have stated that: 


a group of researchers worked on the de- 
velopment of a semi-autonomous dragline 
model to move 200,000 tons of material in 
more than 12,000 cycles (Corke et al. 1997, 
2003; Roberts et al. 1999; Winstanley et al. 
1999). However, each of those models failed 
to address a core common problem during 
the operation of any autonomous excavator, 
which is the automatic adjustment of a machi- 
ne to ground obstructions. 

As research in the modern automation in- 
dustry has shifted towards vision-based sys- 
tems, some researchers used image recogni- 
tion techniques to achieve better autonomy of 
operation. Chi 8 Caldas (2011) proposed the 
idea of employing neural networks and Baye- 
sian classification models for object recogni- 
tion on a construction site. Ji et al. (2016) de- 
monstrated the application of a vision-based 
system for the detection of trucks and hydrau- 
lic excavators, with a success rate of 73 to 
89%... 

... The most recent work on dragline automa- 
tion was done by Somua-Gyimah et al. (2019) 
using the state-of-the-art deep learning 
approach with convolutional neural networks 
(CNN) for terrain reconnaissance and object 
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detection tasks in mining 
excavation operations. 


Ali and € Frimpong (2020) 
about the advances in automa- 
tion of machinery in underground 
mines have contributed the fol- 


lowing: 


...t'he most advanced im- 
plementation of an au- 
tonomous system in the 
underground environment 
is LHD automation. The 
system navigates the mine 
by detecting tunnel walls 
(Roberts et al. 2000). The 
operation was demonstra- 
ted in 1999 and has been 
operated at various mines 
since its successful start 
and application. 


Cat (2021) have presented 
their Cat 6 Command for Exca- 
vating technology by means of 
which it is possible for excavators 
from 20 t up to 40 t to be opera- 
ted remotely in two options, na- 
mely, with line of sight (up to 400 
m) and without line of sight from 
the comfort of an office with ac- 
cess to a wireless network; this 
technology has been designed 
so that in cases where an ope- 
ration could be risky for the ope- 
rator (for example: after a blast), 
the operator is not present in the 
machine. The technology also al- 
lows people with limited to get on 
the machine can operate it from 
outside. Similar to this technolo- 
gy, that same manufacturer has 
CatO MineStar'M Command for 
Dozing through which the advan- 
tages described in its excavator 
technology are obtained, but in 
this case for chain tractors. 


Autonomous operation of 
road trains is virtually a given by 
Mineral Resources Limited in Pil- 
bara Australia in partnership with 
specialist automation company 
Hexagon for Mineral Resources, 
this is the solution to be able to 
extract the existing iron ore in the 
Ashburton Hub project, which to 
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date cannot generate profitability 
by any other means other than 
this autonomous operation. Un- 
til now, tests have been carried 
out with trucks of three trailers 
to transport up to 385 tons with 
a goal of 425 tons; up to 5 trucks 
with three trailers each are expec- 
ted to operate; all of which will be 
possible thanks to drive-by-wire 
technology and an autonomous 
management system. 


Regarding the drive-by-wire 
technology, Parsania 8 Sarada- 
va (2012) have stated that it is a 
technology of electronic systems 
that replace the old mechanical 
controls. Instead of using cables, 
hydraulic pressure, and other 
things that give the driver direct 
physical control over the speed 
or direction of the vehicle, drive- 
by-wire technology uses electro- 
nic controls to apply the brakes, 
control the steering, and operate 
other systems. 


These trains will be operated 
from a remote control center, from 
where a driver will control the first 
truck in the fleet, the others will 
have no drivers, the unloading of 
the trailers will be fully automated. 


In terms of rail transport, in 
2019 the first automated railway 
network, called AutoHaul'M, was 
put into operation, which can 
transport one million tons per day 
and which contributes to the re- 
duction of accidents and costs, 
and “improves the times of cycle 
by using information on the to- 
pography of the network to calcu- 
late and offer a safe and consis- 
tent driving strategy” (Rio Tinto, 
2021). 


Autonomous  drilling tech- 
nology allows a single operator 
to manage multiple autonomous 
drilling units for greater precision 
and productivity. 


Cat (2018) stated that throu- 
gh its Cat MineStarTM Com- 
mand for drilling technology, it ¡is 
possible to remotely ensure that 


all holes are drilled precisely in 
the right place, to the right depth 
and at the right angle. 


Rio Tinto's Gudai-Darri mine 
in the Pilbara-Australia has the 
following advanced technologies 
(Mining.com, 2022): robotics for 
the mineral sampling laboratory, 
as well as for the distribution of 
parts in the new workshop; auto- 
nomous trucks, trains, and drills; 
a complete digital replica of the 
processing plant that allows te- 
ams to monitor and respond to 
data collected from the plant, the 
same digital asset data is used 
to provide an interactive 3D envi- 
ronment for virtual reality training. 
These autonomous assets are 
monitored remotely from Rio Tin- 
tos operations center 1,500 km 
away in Perth. 


The Vale company has 72 
autonomous vehicles, in mid- 
June 2022, and expects to end 
the year with 86; the use of au- 
tonomous trucks has brought the 
company a 25% increase in the 
useful life of tires and engines, 
they have also been able to in- 
crease the speed of the trucks 
from 40 km/h to 60 km/h, which 
has produced an increase in pro- 
ductivity of 10%; additionally, in 
the Carajás yards, where it has 
12 autonomous machines, it has 
managed to reduce operating 
deviations in the formation of 
ore piles by 90%, which genera- 
ted agility in train loading. (Diniz, 
2022a). 


The European Union imple- 
mented the X-Mine project which 
was based on XRF technologies, 
X-ray transmission (XRT), 3D vi- 
sion and its integration with mi- 
ning and mineral classification 
equipment. The project was im- 
plemented in 4 mining operations 
from small to large scale, and 
different metals, including some 
of those considered critical me- 
tals. The detection technologies 
developed in the project impro- 
ve the efficiency of exploration 
and extraction, resulting in fewer 
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blasts required, it also allows “more efficient and au- 
tomated mineral selectivity in the extraction stage, 
improving the options of previous concentration of 
the mineral, and resulting in less use of energy, wa- 
ter, chemicals, and... worker exposure during down- 
stream processing. (CORDIS, 2022). 


Conclusion 


Although this is a brief review of Mining 4.0, it 
is possible to conclude that this evolutionary phase 
of mining is here to stay and continue the necessary 
process of improving the industry. The benefits that 
can be obtained are very evident, for entrepreneurs, 
society, environment, and governments. 


There are those who have decided to speak 
of “intelligent mining but perhaps it is more appro- 
priate to refer to the mining that is desired, such as 
Holistically Harmonic Mining, as already stated in 
Paulo € Herrero (2021). 


In any case, Mining 4.0 is a logical step for cur- 
rent times, however, its implementation by any com- 
pany of any scale ¡is not easy, this step is expensive 
in terms of investment, and represents a true trans- 
formation of the industry, which aims to be a posi- 
tive transformation that will lead the sector towards 
greater efficiency, less negative environmental and 
social impacts, increase in the value of the compa- 
nies' shares, however, the implementation process 
will provide information about the negative aspects 
that they could be generated, and will surely be duly 
attended to for their solution and improvement. 


Everything indicates that companies with less 
economic possibilities should begin the transtorma- 
tion towards 4.0, little by little, but to start, it would 
be necessary to detect the areas in which it is less 
expensive to start the process, and it could generate 
the greatest amount of benefits at the same time. lt 
is evident that the 3D vectorization of mines and the 
integration of such vectors is a good start, since this 
information is the basis for everything else that has 
been described here. 


lt should be noted that many mines, perhaps 
the majority, already have 3D vectors of their depo- 
sits, their mine designs, their various infrastructures, 
in short, what we have to do is start to integrate, and 
build the rest of the vector information that is not yet 
available, probably with any of the sensor technolo- 
gies that have been mentioned in this paper; then 
assuming that there is adequate internet service, it 
would be necessary to hire a reliable “cloud” servi- 
ce, since that is where the large volumes of informa- 
tion generated in a mine will be handled, and all this 
data is confidential to the company, in such a way 
that it is necessary to “guarantee” that the informa- 
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tion will not be hacked; apparently, everything else 
consists of hiring suitable professionals for these 
levels of technology that have been described, trai- 
ning existing personnel and hiring service providers 
for the different technologies that are required in the 
framework of Mining 4.0. 


Not having modern and reliable internet servi- 
ces in a country, or in some mining region, will make 
it “uphill climb” to have better mines. 


How to efficiently carry out the implementation 
of Mining 4.0 in different types of mines, of different 
scales, located in different countries with different 
realities, represents a topic for applied research. 


References 


abcdust. (2022, January 3). Cómo las tecnologías loT y lA 
están transformando la industria minera. Retrieved 
July 6, 2022, from abcdust. 

Adams, T. (2022, February 22). Autonomous mining truc- 
ks 8 haulage systems. Retrieved July 30, 2022, from 
GRT. 

Aerial Insights. (2018, February 11). Cámaras termográfi- 
cas para drones. Retrieved July 1, 2022, from aerial 
insights. 

Aerial Insights. (2019). ¿Qué es y cómo funciona una cá- 
mara multiespectral? Retrieved July 1, 2022, from 
aerial insights. 

Ali, D., 4 Frimpong, S. (2020, April 18). Artificial intelligen- 
ce, machine learning and process automation: exis- 
ting knowledge frontier and way forward for mining 
sector. Artificial Intelligence Review(53), 6025-6042. 
doi. 

Aquino, y. A., Fernández, C., 8 Corona, L. G. (2020). Los 
gemelos digitales, la última frontera de la ingeniería 
mecatrónica. X Simposium internacional de inves- 
tigación multidisciplinaria. Villahermosa. Retrieved 
June 22, 2022, from. 

Byrne, B., 4 Engdahl, C. (5 de mayo de 2021). Mining 4.0: 
How innovation is shaping mines of the future. Re- 
cuperado el 23 de junio de 2022, de miningdigital. 
com. 

Carvalho, M. (2021, July 15). ¿Cuáles son los impactos 
de la tecnología en las mineras? [Artículo del blog]. 
Retrieved June 30, 2021, from. 

Castro, F. (2022, January 24). Fotogrametría con drones 
aplicada a minería. Retrieved July 1, 2022, from lin- 
kedin. 

Cat. (2018, August 28). Automate drilling with the mining 
automation leader. Retrieved June 30, 2022, from 
Cat. 

Cat. (2021, August). Caterpillar expands Cat Command 
remote-control operation to excavator line, enhan- 
cing safe machine operation. Retrieved June 30, 
2022, from Cat. 

Caterpillar. (2022, February 3). 500+ autonomous trucks 
operating worldwide with Cat Command for hau- 
ling. Retrieved June 30, 2022, from Caterpillar. 

CORDIS. (2022, May 25). Real-Time Mineral X-Ray Ana- 
lysis for Efficient and Sustainable Mining. (Communi- 
ty Research and Development Information Service 


43 


A. R. P. Paulo G. C., J. Herrero N. 


(CORDIS)) doi. 

Cornejo, L. (2022, March 22). Impac- 
to de la digitalización en minerí. 
Retrieved June 27, 2022, from 
CAMIPER. Escuela de Altos 
Estudios. 

Cornieles, P. (2021, August 2021). 
Cómo funciona la Visión Artifi- 
cial o Computer Vision. Retrie- 
ved July 8, 2022, from |ALATAM. 

Critchley, L. (2019, July 10). The sen- 
sors used in mining applica- 
tions. Retrieved July 4, 2022, 
from AzoMining. 

DCC. (2022, February 11). Digital 
twins to emerge as ESG tool. 
Retrieved June 28, 2022, from 
Digaing for Climate Change 
(DCO). 

Diniz, A. (2022a, June). Equipamen- 
tos autónomos conduzem á 
transformacáo digital. (F. E. Al- 
ves, Ed.) Brasil mineral, 421, 
98-107. 

Gartner. (2022, Jun 28). Digital Twin. 
Retrieved June 29, 2022, from 
Information Technology Gartner 
Glossary. 

Global Data. (2022, May 22). Global 
autonomous mining truck po- 
pulation tops 1,000. Retrieved 
June 30, 2022, from GlobalDa- 
ta. 

Goundar, S., Bhardwaj, A., Singh, 
S., 8 Gururaj, H. L. (2021). Big 
Data and Big Data Analytics: A 
Review of Tools and its Applica- 
tion. In S. Goundar, 8 P. Rayani 
(Eds.), Applications of Big Data 
in Large- and Small-Scale Sys- 
tem (pp. 1-19). doi. 

Hansford Sensors. (2021, August 19). 
Sensores de vibración para mi- 
nería y canteras. Retrieved July 
4, 2022, from Hansford_Sen- 


sors. 
Hyder, Z., Siau, K., 8 Nah, F. (2019). 
Artificial intelligence, Machi- 


ne learning, and autonomous 
technologies in mining industry. 
Journal of Database Manage- 
ment (JDM), 30(2), 67-79. doi. 
(2019, January 27). Deep lear- 
ning. Retrieved June 2, 2022, 
from. 
loT Consulting. (2021, March 15). 
LoRa vs LoRaWAN -— ¿Cuál es 
la diferencia? Retrieved July 4, 
2022, from ¡OT Consulting. 
Kiziroglou, M. E., Boyle, D. E., Ye- 
atman, E. M., € Cilliers, J. J. 
(2017, February). Opportunities 
for Sensing Systems in Mining. 
IEEE Transactions on Industrial 
Informatics, 13(1), 278-286. doi 


IBM. 


44 


Komat'su. (2021, September 13). 
Komatsu mining customers sur- 
pass 4 billion tons milestone. 
Retrieved June 30, 2022, from 
Komatsu. 


Luque, J. (2020). Realidad virtual y 
realidad aumentada. Revista 
Digital de ACTA, 19. Retrieved 
June 22, 2022, from. 

Martens, E., Prommer, H., Sprocati, 
R., Sun, y., Dai, X., Rich Crane, 
R., . . . Fourie, A. (2021, April 
30). Toward a more sustainable 
mining future with electrokinetic 
in situ leaching. Science Advan- 
ces, 7(18). doi. 

McGee, P. (2022, February 10). In- 
vestors bet on tech revolution to 
disrupt global mining. Retrieved 
June 26, 2022, from Financial 
Times. 

Medina, y. (2012, April 18). ¿Sensor 
CCD o CMOS? ¿Qué significa 
todo esto? Retrieved July 4, 
2022, from parentesis.com. 

Mining.com. (2022, June 21). Rio Tin- 
to opens Gudai-Darri, its most 
technologically advanced mine 
in Pilbara. Retrieved June 21, 
2022, from mining.com. 

Mishra, A. (2021, October 12).Al4R2R 
(Al for Rock to Revenue): A Re- 
view of the Applications of Al in 
Mineral Processing. (L. B. Auret, 
Ed.) Minerals, 11(10). doi. 

Molaei, F, Rahimi, E., Siavoshi, H., 
Ghaychi, S., 8 Tenorio, V. (2020, 
September 3). A Comrehensive 
Review on Internet of Things 
(loT) and its Implications in the 
Mining Industry. American Jour- 
nal of Engineering and Applied 
Sciences, 13(3), 499-515. doi. 

Muñoz, J. (2021, May 7). Voladura 
4.0: Digitalización total en el 
ciclo de producción en mina. 
Retrieved June 24, 2022, from 
interempresas.net. 

Nad, A., Jooshaki, M., Tuominen, E., 
Michaux, S., Kirpala, A., 8 New- 
comb, y. (2022, February 7). Di- 
gitalization Solutions in the Mi- 
neral Processing Industry: The 
Case of GTK Mintec, Finland. 
(S. Ogonowski, € D. Foszcz, 
Eds.) Minerals, 12(2), 21. doi. 

Next Ore. (2020, July 30). Magnetic 
resonance technology. Retrie- 
ved July 5, 2022, from NextOre. 

Nwaila, G. T., Frimmel, H. E., Zhang, 
S. E., Bourdeau, J. E., Tolmay, 
L. C., Durrheim, R. J., € Y., G. 
(2022, June 24). The minerals 
industry in the era of digital 
transition: An energy-efficient 


and environmentally conscious 
approach. Resources Policy, 78. 
doi. 

Okada, K. (2022, May 19). Bre- 
akthrough technologies tor mi- 
neral exploration. (M. Ericsson, 
8 L. Warell, Eds.) Mineral eco- 
nomics. doi. 

Olivares, P. (2021, June 26). Magne- 
tometría aérea con drones. Re- 
trieved July 1, 2022, from AV3 
Aerovisual. 

Parsania, P., 4 Saradava, K. (2012). 
Drive-By-Wire systems in auto- 
mobiles. Journal of systematic 
computing. 6. Rajkot: VVP Engi- 
neering College. Retrieved June 
30, 2022, from. 

Paulo G. C., Á. R., 8 Herrero N., y. 
(2021, August). Preliminary pro- 
posal of a model for a holistical- 
ly harmonious mining industry. 
Geominas, 49(85), 83-108. Re- 
trieved from www.revistageomi- 
nas.com. 

Pradeepkumar, G., Sanjay, S., Sud- 
harsanaa, N., Suvetha, S., 8 
Ponnusamy, D. (2021). A Smart 
Helmet for the Mining Industry 
using LoRaWAN. Journal of 


Physics: Conference Series. 
Coimbatore, India: ¡OP Pub- 
lishing Ltd. doi. 


Río Tinto. (2021). Pilbara. Retrieved 
July 7, 2022, from RioTinto. 
Rose, H., Eldridge, S., £ Chapin, L. 
(2015, October). La internet de 
las cosas una breve reseña. 
The Internet Society (ISOC). 
Retrieved June 22, 2022, from. 

Saha, S. (2018, December 15). A 
Comprehensive Guide to Con- 
volutional Neural Networks — 
the ELI5 way. Retrieved June 2, 
2022, from towardsdatascience. 

Schodde, R. (2019, October 30). 
Trends in exploration. Retrie- 
ved June 26, 2022, from MinEx 
Consulting. 

Schodlok, M. C., Frei, M., 8 Segl, K. 
(2022, June 27). Implications of 
new hyperspectral satellites for 
raw materials exploration. (M. 
Ericsson, 8 L. Warell, Eds.) Mi- 
neral Economics. doi. 

Singh, M., Fuenmayor, E., Hinchy, E., 
Qiao, Y., Murray, N., 4 Devine, 
D. (2021). Digital Twin: Origin to 
Future. Applied System Innova- 
tion, 4(2). doi. 

Zamora, M.C. (2017, January/Februa- 
ry). La tecnología LiDAR, herra- 
mienta útil para el estudio de la 
biodiversidad. Revista mexicana 
de ciencias forestales, 8(39), 
4-6. Retrieved July 1, 2022, from 


GEOMINAS, Vol. 50, N” 88, agosto 2022 


ANI VE 
ee: > e 


> 


Club Español 
del Medio Ambiente 


NOTA DE PRENSA 


CONCESIÓN DE LAS MEDALLAS DE HONOR DEL CLUB 
ESPANOL DEL MEDIO AMBIENTE (CEMA) 


El Jurado nombrado por el Club Español del Medio Ambiente, ha hecho pública la 
concesión de Medallas de Honor, correspondientes al año 2022, en el que se cumple el 
25* aniversario de la creación del CEMA. 


El Jurado, presidido por Rafael Fernández Rubio, presidente del CEMA, y Premio 
Rey Jaime | a la Protección del Medio Ambiente, ha integrado como vocales a: Antonio 
Colino Martínez, Presidente de la Real Academia de Ingeniería; María García de la Fuen- 
te, Presidenta de la Asociación de Periodistas de Información Ambiental; José Trigueros 
Rodrigo, Presidente del Instituto de la Ingeniería de España y Rosa Menéndez López, 
Profesora de Investigación del Consejo Superior de Investigaciones Científicas, actuando 
como secretario José Luis Parra y Alfaro, Director del Club Español del Medio Ambiente. 


Entre las 13 candidaturas seleccionadas, presentadas por diversas entidades e insti- 
tuciones, la concesión ha recaído en: 


- 43 Grupo de Fuerzas Aéreas del Ejército del Aire 


- Prof. Fernando Tomás Maestre Gil, Catedrático de Universidad y Director del 
Laboratorio de Ecología de Zonas Aridas y Cambio Global de la Universidad de Alicante 


- D*? María Purificació Canals i Ventín, consultora ambiental de ámbito internacio- 
nal en conservación marina y costera 


La entrega de las medallas tendrá lugar en sesión pública, en septiembre-octubre, en 
el acto que culminará la conmemoración del 25? aniversario del CEMA. 


Madrid, 4 de julio de 2022 
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World's Largest Solar Park 


BHADLA SOLAR POWER PLANT 
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El cambio climático es generalizado, 
rápido y se está intensificando* 


IPCC 


GRUPO INTERGUBERNAMENTAL DE EXPERTOS SOBRE EL Cambio climático 


2021/17/PR 


COMUNICADO DE PRENSA DEL IPCC 
9 de agosto de 2021 


GINEBRA, 9 de agosto — Según el último informe 
del Grupo Intergubernamental de Expertos sobre 
el Cambio Climático (IPCC), publicado hoy, los 
científicos están observando cambios en el clima 
de la Tierra en todas las regiones y en el sistema 
climático en su conjunto. Muchos de los cambios 
observados en el clima no tienen precedentes en 
miles, sino en cientos de miles de años, y algunos 
de los cambios que ya se están produciendo, como 
el aumento continuo del nivel del mar, no se podrán 
revertir hasta dentro de varios siglos o milenios. 


Sin embargo, una reducción sustancial y sostenida 
de las emisiones de dióxido de arbono (CO2) y de 
otros gases de efecto invernadero permitiría limitar 
el cambio climático. 


Aunque las mejoras en la calidad del aire serían rá- 
pidas, podrían pasar entre 20 y 30 años hasta que 
las temperaturas mundiales se estabilizasen, según 
el informe del Grupo de Trabajo | del IPCC, Cambio 
Climático 2021: Bases físicas, aprobado el viernes 
por los 195 gobiernos Miembros del IPCC, en una 
reunión de aprobación celebrada en formato virtual 
a lo largo de dos semanas y que empezó el 26 de 
julio. 

El informe del Grupo de Trabajo | supone la primera 
entrega del Sexto Informe de Evaluación (1E6) del 
IPCC, que se completará en 2022. 


“Este informe refleja unos esfuerzos extraordinarios 
realizados en circunstancias excepcionales; dijo 
Hoesung Lee, Presidente del IPCC. “Las innova- 
ciones y los avances en climatología reflejados en 
este informe constituyen una aportación inestima- 


sobre el clima” 
Calentamiento acelerado 


En el informe se ofrecen nuevas estimaciones so- 
bre las probabilidades de sobrepasar el nivel de 
calentamiento global de 1,5 2C en las próximas dé- 
cadas, y se concluye que, a menos que las emisio- 
nes de gases de efecto invernadero se reduzcan de 
manera inmediata, rápida y a gran escala, limitar 
el calentamiento a cerca de 1,5 *C o incluso a 2 *C 
será un objetivo inalcanzable. 


Según este informe, las emisiones de gases de 
efecto invernadero procedentes de las actividades 
humanas son responsables de un calentamiento 
de aproximadamente 1,1 “C desde 1850-1900, y 
se prevé que la temperatura mundial promediada 
durante los próximos 20 años alcanzará o superará 
un calentamiento de 1,5 *C. Este dato es fruto de la 
mejora de los conjuntos de datos de observación 
para evaluar el calentamiento histórico, así como 
de los progresos en el conocimiento científico de la 
respuesta del sistema climático a las emisiones de 
gases de efecto invernadero producidas por el ser 
humano. 


“Este informe es una constatación de la realidad; 
dijo la Copresidenta del Grupo de Trabajo | del 
IPCC, Valérie Masson-Delmotte. “Ahora tenemos 
una visión mucho más clara del clima pasado, pre- 
sente y futuro, lo que es fundamental para entender 
hacia dónde nos dirigimos, qué se puede hacer y 
cómo podemos prepararnos” 


Todas las regiones se enfrentan a cambios cre- 
cientes Si bien muchas de las características del 
cambio climático dependen directamente del nivel 
de calentamiento global, a menudo lo que experi- 
mentan las personas es muy distinto de ese pro- 
medio mundial. Por ejemplo, el calentamiento en la 
superficie terrestre es superior al promedio mundial 
y, particularmente en el Ártico, el calentamiento es 


ble para las negociaciones y la toma de decisiones Ñ 
8/ _ WG R Fi 


6-Press-Release-Final_es.; 


https://www.ipcc.ch/site/assets/uploads/202 
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más del doble. 


“El cambio climático ya afecta de 
múltiples maneras a todas las re- 
giones de la Tierra. Todo aumen- 
to del calentamiento exacerbará 
los cambios que estamos expe- 
rimentando; declaró el Copresi- 
dente del Grupo de Trabajo | del 
IPCC, Panmao Zhai. 


Las proyecciones del informe 
indican que en las próximas dé- 
cadas los cambios climáticos au- 
mentarán en todas las regiones. 
Según el informe, con un calen- 
tamiento global de 1,5 *C, se pro- 
ducirá un aumento de las olas de 
calor, se alargarán las estaciones 
cálidas y se acortarán las esta- 
ciones frías; mientras que con 
un calentamiento global de 2 *C 
los episodios de calor extremo al- 
canzarían con mayor frecuencia 
umbrales de tolerancia críticos 
para la agricultura y la salud. 


Sin embargo, no es cuestión 
únicamente de la temperatura. 
Como consecuencia del cambio 
climático, las diferentes regiones 
experimentan distintos cambios, 
que se intensificarán si aumen- 
ta el calentamiento; en particu- 
lar, cambios en la humedad y la 
sequedad, los vientos, la nieve y 
el hielo, las zonas costeras y los 
océanos. Por ejemplo: 


- El cambio climático está inten- 
sificando el ciclo hidrológico. Esto 
conlleva una mayor intensidad de 
las precipitaciones y las inunda- 
ciones asociadas, así como unas 
sequías más intensas en muchas 
regiones. 


- El cambio climático está atec- 
tando a los patrones de precipi- 
tación. En las latitudes altas, es 
probable que aumenten las pre- 
cipitaciones, mientras que se pre- 
vé que disminuyan en gran parte 
de las regiones subtropicales. Se 
esperan cambios en las precipi- 
taciones monzónicas, que varia- 
rán según la región. 


- Las zonas costeras experimen- 
tarán un aumento continuo del 
nivel del mar a lo largo del siglo 
XXI, lo que contribuirá a la ero- 
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sión costera y a que las inunda- 
ciones costeras sean más fre- 
cuentes y graves en las zonas 
bajas. Los fenómenos relaciona- 
dos con el nivel del mar extremo 
que antiguamente se producían 
una vez cada 100 años podrían 
registrarse con una frecuencia 
anual a finales de este siglo. 


- Un mayor calentamiento ampli- 
ficará el deshielo del permafrost, 
así como la pérdida de la capa de 
nieve estacional, el derretimiento 
de los glaciares y los mantos de 
hielo, y la pérdida del hielo mari- 
no del Ártico en verano. 


- Los cambios en el océano, 
como el calentamiento y la acidi- 
ficación del océano, el aumento 
de la frecuencia de las olas de 
calor marinas, y la reducción de 
los niveles de oxígeno, están cla- 
ramente relacionados con la in- 
fluencia humana. Estos cambios 
afectan tanto a los ecosistemas 
de los océanos como a las per- 
sonas que dependen de ellos, 
y continuarán produciéndose al 
menos durante el resto del siglo. 


- En el caso de las ciudades, al- 
gunos aspectos del cambio cli- 
mático pueden verse amplifica- 
dos, en particular el calor (ya que 
las zonas urbanas suelen ser 
más cálidas que sus alrededo- 
res) y las inundaciones debidas 
a episodios de precipitaciones in- 
tensas y al aumento del nivel del 
mar en las ciudades costeras. 


En el Sexto Informe de Evalua- 
ción se ofrece por primera vez un 
análisis más detallado del cam- 
bio climático a nivel regional — 
prestándose especial atención a 
la información útil que puede ser- 
vir de base para la evaluación de 
riesgos, la adaptación y la adop- 
ción de otras decisiones— así 
como un nuevo marco que ayuda 
a traducir los cambios físicos del 
clima (calor, frío, lluvias, sequías, 
nieve, viento, inundaciones cos- 
teras, etc.) en lo que representan 


para la sociedad y los ecosiste- 
mas. 


Esta información regional puede 


consultarse en detalle en el nue- 
vo Atlas Interactivo, así como en 
las fichas informativas regiona- 
les, el Resumen técnico y el in- 
forme de base. 


La influencia humana en el clima 
pasado y futuro “Desde hace dé- 
cadas es evidente que el clima 
de la Tierra está cambiando, y 
el papel de la influencia humana 
en el sistema climático es indis- 
cutible; dijo Masson-Delmotte. 
Sin embargo, en el nuevo infor- 
me también se reflejan importan- 
tes avances en los fundamentos 
científicos de la atribución, es 
decir, en la comprensión del pa- 
pel que desempeña el cambio 
climático en la intensificación de 
determinados fenómenos meteo- 
rológicos y climáticos, como las 
olas de calor extremas y las pre- 
cipitaciones intensas. 


En el informe también se pone 
de manifiesto que las acciones 
humanas todavía pueden deter- 
minar el curso futuro del clima. 
Hay pruebas claras de que el 
dióxido de carbono (CO2) es el 
principal causante del cambio 
climático, aunque otros gases de 
efecto invernadero y contaminan- 
tes atmosféricos también afectan 
al clima. 


“Si queremos estabilizar el clima 
será necesario reducir de forma 
sustancial, rápida y sostenida las 
emisiones de gases de efecto in- 
vernadero para finalmente lograr 
cero emisiones netas de COZ2. 
Asimismo, limitar otros gases de 
efecto invernadero y contaminan- 
tes atmosféricos, especialmente 
el metano, podría ser beneficioso 
tanto para la salud como para el 
clima” afirmó Zhai. 

Para más información, diríjase a: 


Oficina de Prensa del IPCC i¡pcc- 
media 0 wmo.int, +41227308120 


Katherine Leitzell 
zell O ipcc.ch 


Nada Caud (francés) nada. 
caud O universite-paris-saclay.fr 


Notas para los editores 


katherine.leit- 
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Critical situation of the shortage and quality of... 


físicas. Contribución del Grupo de Trabajo | al Sex- 
to Informe de Evaluación del Grupo Interguberna- 
mental de Expertos sobre el Cambio Climático En 
el informe del Grupo de Trabajo | se aborda la com- 
prensión física del sistema climático y del cambio 
climático más actualizada, reuniendo para ello los 
últimos avances en climatología y combinando di- 
versas líneas de evidencia procedentes del paleo- 
clima, las observaciones, el conocimiento de los 
procesos y las simulaciones climáticas mundiales y 
regionales. En él se exponen la manera en que ha 
cambiado el clima hasta la fecha y las razones de 
ese cambio, así como una mejor comprensión de la 
influencia humana en una gama más amplia de ca- 
racterísticas climáticas, incluidos los fenómenos ex 
tremos. Se prestará mayor atención a la información 
regional que puede servir para evaluar los riesgos 
climáticos. 


El Resumen para responsables de políticas, que 
forma parte de la contribución del Grupo de Trabajo 
| al Sexto Informe de Evaluación (IE6), así como 
otros materiales e información pueden consultarse 
en https: //www.ipcc.ch/report/ar6/wg1/ 


Nota: La publicación del informe, prevista inicial- 
mente para abril de 2021, se retrasó varios meses 
debido a la pandemia de COVID-19, ya que las la- 
bores de la comunidad científica, incluido el IPCC, 
pasaron a realizarse en línea. Es la primera vez que 
el IPCC celebra una reunión de aprobación en for- 
mato virtual para uno de sus informes. 


El Grupo de Trabajo | del IE6 en cifras 
234 autores de 66 países 

+ 31 autores coordinadores 

» 167 autores principales 

+ 36 editores-revisores 


y 
+ 517 autores contribuyentes 


Más de 14.000 referencias citadas 


Un total de 78.007 observaciones formuladas por 
los gobiernos y los expertos (Primer anteproyecto 
23.462; segundo anteproyecto 51.387; distribución 
final a los gobiernos: 3.158) 


Sobre el IPCC 


El Grupo Intergubernamental de Expertos sobre el 
Cambio Climático (IPCC) es el órgano de las Nacio- 
nes Unidas encargado de evaluar los conocimien- 
tos científicos relativos al cambio climático. Fue es- 
tablecido en 1988 por el Programa de las Naciones 
Unidas para el Medio Ambiente (PNUMA) y la Or- 
ganización Meteorológica Mundial (OMM) a fin de 
que facilitase a los dirigentes políticos evaluaciones 
científicas periódicas del cambio climático, sus im- 
plicaciones y riesgos, y propusiese estrategias de 


adaptación y mitigación. Ese mismo año la Asam- 
blea General de las Naciones Unidas respaldó la 
medida adoptada por la OMM y el PNUMA de es- 
tablecer conjuntamente el IPCC. Tiene 195 Estados 
Miembros. 


Miles de personas de todo el mundo contribuyen a 
la labor del IPCC. En el caso de los informes de 
evaluación, los científicos del IPCC ofrecen volun- 
tariamente su tiempo para evaluar los miles de ar- 
tículos científicos que se publican cada año con el 
fin de elaborar un resumen exhaustivo de lo que se 
sabe sobre los factores que impulsan el cambio cli- 
mático, sus impactos y futuros riesgos, y sobre la 
forma de reducir dichos riesgos mediante la adap- 
tación y la mitigación. 


El IPCC comprende tres grupos de trabajo, a sa- 
ber: el Grupo de Trabajo l, que se encarga de las 
bases físicas del cambio climático; el Grupo de Tra- 
bajo Il, que se encarga del impacto, la adaptación 
y la vulnerabilidad; y el Grupo de Trabajo l!l, que 
se encarga de la mitigación del cambio climático. 
También tiene un Grupo Especial para los Inven- 
tarios Nacionales de Gases de Efecto Invernadero, 
que elabora metodologías para medir las emisiones 
y remociones. En el seno del IPCC, el Grupo Es- 
pecial sobre Datos en Apoyo de las Evaluaciones 
del Cambio Climático brinda orientación al Centro 
de Distribución de Datos en cuanto a conservación, 
trazabilidad, estabilidad, disponibilidad y transpa- 
rencia de los datos y escenarios relacionados con 
los informes del IPCC. 


Las evaluaciones del IPCC brindan a los gobiernos, 
a todos los niveles, información científica que pue- 
den utilizar para elaborar sus políticas climáticas. 
También constituyen una contribución fundamental 
en las negociaciones internacionales dirigidas a 
afrontar el cambio climático. Los informes del IPCC 
se elaboran y revisan en diversas fases, garantizan- 
do así la objetividad y transparencia. Los informes 
de evaluación del IPCC constan de las contribucio- 
nes de los tres grupos de trabajo y de un Informe de 
síntesis. El Informe de síntesis integra las conclu- 
siones de los informes de los tres grupos de trabajo, 
así como de cualquier informe especial elaborado 
durante ese ciclo de evaluación. 


Sobre el sexto ciclo de evaluación 


En su 41f reunión, celebrada en febrero de 2015, 
el IPCC decidió que elaboraría el Sexto Informe de 
Evaluación (IE6). En su 42* reunión, celebrada en 
octubre de 2015, eligió una nueva Mesa que super- 
visaría la labor sobre ese informe y los informes 
especiales que se produjeran durante el ciclo de 
evaluación. 


Calentamiento global de 1,5 *C: En octubre de 2018 
se publicó un informe especial del IPCC sobre los 
impactos del calentamiento global de 1,5 grados 
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Celsius con respecto a los niveles 
preindustriales y las trayectorias 
correspondientes que deberían 
seguir las emisiones mundiales 
de gases de efecto invernadero, 
en el contexto del reforzamien- 
to de la respuesta mundial a la 
amenaza del cambio climático, el 
desarrollo sostenible y los esfuer- 
zos por erradicar la pobreza. 


El cambio climático y la tierra: 
En agosto de 2019 se publicó un 
informe especial del IPCC sobre 
el cambio climático, la desertifi- 
cación, la degradación de las tie- 
rras, la gestión sostenible de las 
tierras, la seguridad alimentaria 
y los flujos de gases de efecto 
invernadero en los ecosistemas 


terrestres y, en septiembre de 
2019, se publicó el Informe espe- 
cial sobre el océano y la criosfera 
en un clima cambiante. 


En mayo de 2019, el IPCC pu- 
blicó el Perfeccionamiento de 
2019 de las Directrices del IPCC 
para los inventarios nacionales 
de gases de efecto invernadero 
de 2006, una actualización de 
la metodología utilizada por los 
gobiernos para estimar sus emi- 
siones y remociones de gases de 
efecto invernadero. 


Las contribuciones de los otros 
dos Grupos de Trabajo al Sexto 
Informe de Evaluación (IE6) es- 
tarán listas en 2022, y el Informe 


de síntesis del lE6 se finalizará 
en el segundo semestre de 2022. 


Para más información, sírvase 
consultar www.ipcc.ch 


El sitio web contiene materia- 
les de divulgación, como vídeos 
sobre el IPCC y grabaciones en 
vídeo de las actividades de di- 
vulgación realizadas en forma de 
webinarios o eventos retransmiti- 
dos en directo. 


La mayoría de los vídeos publi- 
cados por el IPCC pueden en- 
contrarse en nuestros canales de 
YouTube y Vimeo. 


Conciencia conservacionista 
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ÍpCC 


INTERGOVERNMENTAL PANEL ON Climate chante 


2021/17/PR 


IPCC PRESS RELEASE 
9 August 2021 


GENEVA, Aug 9 - Scientists are observing changes 
in the Earth's climate in every region and across the 
whole climate system, according to the latest Inter- 
governmental Panel on Climate Change (IPCC) Re- 
port, released today. Many of the changes observed 
in the climate are unprecedented in thousanas, if 
not hundreds of thousands of years, and some of 
the changes already set in motion—such as conti- 
nued sea level rise—are irreversible over hundreds 
to thousands of years. 


However, strong and sustained reductions in emis- 
sions of carbon dioxide (CO2) and other greenhou- 
se gases would limit climate change. While benefits 
for air quality would come quickly, it could take 20- 
30 years to see global temperatures stabilize, ac- 
cording to the IPCC Working Group | report, Climate 
Change 2021: the Physical Science Basis, appro- 
ved on Friday by 195 member governments of the 
IPCC, through a virtual approval session that was 
held over two weeks starting on July 26. 


The Working Group | report is the first instalment of 
the IPCC's Sixth Assessment Report (AR6), which 
will be completed in 2022. 


“This report reflects extraordinary efforts under ex- 
ceptional circumstances,” said Hoesung Lee, Chair 
of the IPCC. “The innovations in this report, and 
advances in climate science that it reflects, provi- 
de an invaluable input into climate negotiations and 
decision-making.” 


Faster warming 


The report provides new estimates of the chances 


next decades, and finds that unless there are imme- 
diate, rapid and large-scale reductions in greenhou- 
se gas emissions, limiting warming to close to 1.5*C 
or even 2*C will be beyond reach. 


The report shows that emissions of greenhouse 
gases from human activities are responsible for ap- 
proximately 1.1%C of warming since 1850-1900, and 
finds that averaged over the next 20 years, global 
temperature is expected to reach or exceed 1.5%C 
of warming. This assessment is based on improved 
observational datasets to assess historical warming, 
as well progress in scientific understanding of the 
response of the climate system to human-caused 
greenhouse gas emissions. 


“This report is a reality check” said IPCC Working 
Group | Co-Chair Valérie Masson-Delmotte. “We 
now have a much clearer picture of the past, present 
and future climate, which is essential for understan- 
ding where we are headed, what can be done, and 
how we can prepare” 


Every region facing increasing changes 


Many characteristics of climate change directly de- 
pend on the level of global warming, but what people 
experience is often very different to the global ave- 
rage. For example, warming over land is larger than 
the global average, and it is more than twice as high 
in the Arctic. 


“Climate change is already affecting every region on 
Earth, in multiple ways. The changes we experien- 
ce will increase with additional warming” said IPCC 
Working Group | Co-Chair Panmao Zhai. 


The report projects that in the coming decades 
climate changes will increase in all regions. For 
1.5%C of global warming, there will be increasing 
heat waves, longer warm seasons and shorter cold 
seasons. At 2*”C of global warming, heat extremes 
would more often reach critical tolerance thresholds 


of crossing the global warming level of 1.5% in the 


https://www.ipcc.ch/site/assets/uploads/2021/08/IPCC_WGI-AR6-Press-Release_en.pdf 
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for agriculture and health, the re- 
port shows. 


But it is not just about tempera- 
ture. Climate change is bringing 
multiple different changes in di- 
fferent regions — which will all in- 
crease with further warming. The- 
se include changes to wetness 
and dryness, to winds, snow and 
ice, coastal areas and oceans. 
For example: 


+ Climate change is intensi- 
fying the water cycle. This 
brings more intense rainfall 
and associated flooding, as 
well as more intense drought 
in many regions. 


+ Climate change is affecting 
rainfall patterns. In high lati- 
tudes, precipitation ¡is likely to 
increase, while it is projected 
to decrease over large parts 
of the subtropics. Changes 
to monsoon precipitation are 
expected, which will vary by 
region. 


+ Coastal areas will see con- 
tinued sea level rise throug- 
hout the 21st century, contri- 
buting to more frequent and 
severe coastal flooding in 
low-lying areas and coastal 
erosion. Extreme sea level 
events that previously occu- 
rred once in 100 years could 
happen every year by the 
end of this century. 


+ Further warming will amplify 
permafrost thawing, and the 
loss of seasonal snow cover, 
melting of glaciers and ice 
sheets, and loss of summer 
Arctic sea ice. 


+ Changes to the ocean, in- 
cluding warming, more fre- 
quent marine heatwaves, 
ocean acidification, and re- 
duced oxygen levels have 
been clearly linked to human 
influence. These changes 
affect both ocean ecosys- 
tems and the people that rely 
on them, and they will conti- 
nue throughout at least the 
rest of this century. 
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+ For cities, some aspects of 
climate change may be am- 
plified, including heat (since 
urban areas are usually war- 
mer than their surroundings), 
flooding from heavy precipi- 
tation events and sea level 
rise in coastal cities. 


For the first time, the Sixth As- 
sessment Report provides a more 
detailed regional assessment of 
climate change, including a focus 
on useful information that can 
inform risk assessment, adapta- 
tion, and other decision-making, 
and a new framework that helps 
translate physical changes in the 
climate — heat, cold, rain, drought, 
snow, wind, coastal flooding and 
more — into what they mean for 
society and ecosystems. 


This regional information can be 
explored in detail in the newly 
developed Interactive Atlas inte- 
ractive-atlas.ipcc.ch as well as 
regional fact sheets, the technical 
summary, and underlying report. 


Human influence on the past 
and future climate 


“It has been clear for decades that 
the Earth's climate is changing, 
and the role of human influence 
on the climate system is undis- 
puted,” said Masson-Delmotte. 
Yet the new report also reflects 
major advances in the science 
of attribution — understanding the 
role of climate change in intensi- 
fying specific weather and clima- 
te events such as extreme heat 
waves and heavy rainfall events. 


The report also shows that hu- 
man actions still have the poten- 
tial to determine the future course 
of climate. The evidence is clear 
that carbon dioxide (CO2) is the 
main driver of climate change, 
even as other greenhouse gases 
and air pollutants also affect the 
climate. 


“Stabilizing the climate will requi- 
re strong, rapid, and sustained 
reductions in greenhouse gas 
emissions, and reaching net zero 
CO2 emissions. Limiting other 
greenhouse gases and air pollu- 


tants, especially methane, could 
have benefits both for health and 
the climate” said Zhai. 


For more information contact: 


IPCC Press Office ipcc-media O 
wmo.int, +41 22 730 8120 
Katherine Leitzell katherine.leit- 
zell O ipcc.ch 


Nada Caud (French) nada. 
caud O universite-paris-saclay.fr 


Notes for Editors 


Climate Change 2021: The Phy- 
sical Science Basis. Contribu- 
tion of Working Group | to the 
Sixth Assessment Report of 
the Intergovernmental Panel 
on Climate Change 


The Working Group | report ad- 
dresses the most updated physi- 
cal understanding of the climate 
system and climate change, brin- 
ging together the latest advances 
in climate science, and combi- 
ning multiple lines of evidence 
from paleoclimate, observations, 
process understanding, global 
and regional climate simulations. 
lt shows how and why climate 
has changed to date, and the 
improved understanding of hu- 
man influence on a wider range 
of climate characteristics, inclu- 
ding extreme events. There will 
be a greater focus on regional 
information that can be used for 
climate risk assessments. 


The Summary for Policymakers 
of the Working Group | contri- 
bution to the Sixth Assessment 
Report AR6) as well as additio- 
nal materials and information are 
available at hitps://www.ipcc.ch/ 


report/ar6/wg1/ 


Note: Originally scheduled for 
release in April 2021, the report 
was delayed for several months 
by the COVID-19 pandemic, as 
work in the scientific community 
including the IPCC shifted online. 
This is first time that the IPCC 
has conducted a virtual approval 
session for one of its reports. 
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AR6 Working Group | in numbers 
234 authors from 66 countries 

* 31 — coordinating authors 

* 167 — lead authors 

+ 36 — review editors 

plus 

* 517 - contributing authors 

Over 14,000 cited references 


A total of 78,007 expert and government review 
comments 


(First Order Draft 23,462; Second Order Draft 
51,387; Final Government Distribution: 3,158) 


More information about the Sixth Assessment Re- 
port can be found here. 


About the IPCC 


The Intergovernmental Panel on Climate Change 
(IPCC) is the UN body for assessing the science 
related to climate change. It was established by the 
United Nations Environment Programme (UNEP) 
and the World Meteorological Organization (WMO) 
in 1988 to provide political leaders with periodic 
scientific assessments concerning climate change, 
its implications and risks, as well as to put forward 
adaptation and mitigation strategies. In the same 
year the UN General Assembly endorsed the action 
by the WMO and UNEP in jointly establishing the 
IPCC. It has 195 member states. 


Thousands of people from all over the world contri- 
bute to the work of the IPCC. For the assessment 
reports, IPCC scientists volunteer their time to as- 
sess the thousands of scientific papers published 
each year to provide a comprehensive summary of 
what is known about the drivers of climate change, 
its impacts and future risks, and how adaptation and 
mitigation can reduce those risks. 


The IPCC has three working groups: Working Group 
|, dealing with the physical science basis of clima- 
te change; Working Group Il, dealing with impacts, 
adaptation and vulnerability; and Working Group lll, 
dealing with the mitigation of climate change. lt also 
has a Task Force on National Greenhouse Gas In- 
ventories that develops methodologies for measu- 
ring emissions and removals. 


As part of the IPCC, a Task Group on Data Sup- 
port for Climate Change Assessments (TG-Data) 
provides guidance to the Data Distribution Centre 
(DDC) on curation, traceability, stability, availability 
and transparency of data and scenarios related to 
the reports of the IPCC. 


IPCC assessments provide governments, at all le- 
vels, with scientific information that they can use to 


develop climate policies. IPCC assessments are a 
, agosto 


key input into the international negotiations to tac- 
kle climate change. IPCC reports are drafted and 
reviewed in several stages, thus guaranteeing ob- 
jectivity and transparency. An IPCC assessment 
report consists of the contributions of the three wor- 
king groups and a Synthesis Report. The Synthesis 
Report integrates the findings of the three working 
group reports and of any special reports prepared in 
that assessment cycle. 


About the Sixth Assessment Cycle 


At its 41st Session in February 2015, the IPCC de- 
cided to produce a Sixth Assessment Report (AR6). 
At its 42nd Session in October 2015 it elected a new 
Bureau that would oversee the work on this report 
and the Special Reports to be produced in the as- 
sessment cycle. 


Global Warming of 1.5*C, an IPCC special report on 
the impacts of global warming of 1.5 degrees Cel- 
sius above pre-industrial levels and related global 
greenhouse gas emission pathways, in the context 
of strengthening the global response to the threat 
of climate change, sustainable development, and 
efforts to eradicate poverty was launched in Octo- 
ber 2018. 


Climate Change and Land, an IPCC special report 
on climate change, desertification, land degrada- 
tion, sustainable land management, food security, 
and greenhouse gas fluxes in terrestrial ecosystems 
was launched in August 2019, and the Special Re- 
port on the Ocean and Cryosphere in a Changing 
Climate was released in September 2019. 


In May 2019 the IPCC released the 2019 Refinement 
to the 2006 IPCC Guidelines for National Greenhou- 
se Gas Inventories, an update to the methodology 
used by governments to estimate their greenhouse 
gas emissions and removals. 


The other two Working Group contributions to the 
ARE will be finalized in 2022 and the AR6 Synthesis 
Report will be completed in the second half of 2022. 


For more information go to www.ipcc.ch 


The website includes outreach materials including 
videos about the IPCC and video recordings from 
outreach events conducted as webinars or live- 
streamed events. 


Most videos published by the IPCC can be found on 
our YouTube and Vimeo channels. 
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Conciencia conservacionista 


Tomado de https://youtu.be/PLw0WRabD-A 


CAMBIO CLIMÁTICO AFECTA GLACIARE 
E e 


Tomado de https://youtu.be/NTXFsSxJTsQ 
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Aelatiório climático de ONU: estamos a 
camiaho de desastre, aleria Guierres* 


1 W NACÓES UNIDAS 


Y BRASIL 
MS 7 LBIL.LEOESL0109 14100500 


4 abril 2022 


O novo relatório do Painel Intergovernamental sobre 
Mudancas Climáticas (IPCC) indica que as emissoes 
nocivas de carbono de 2010-2019 foram as mais altas 
na história da humanidade, com aumentos de emis- 
s0es registrados “em todos os principais setores do 
mundo” 

Para o secretário-geral da ONU, António Guterres, esta 
é prova de que o mundo está em um caminho rápido 
para o desastre, que pode tornar o planeta inabitável. 
“Isso náo é ficcáo ou exagero. É o que a ciéncia nos 
diz que resultará de nossas atuais políticas energéti- 
cas. Estamos no caminho para o aquecimento global 
de mais que o dobro do limite de 1,5 grau Celsius que 
foi acordado em Paris em 2015” ressaltou. 

O painel de cientistas realca, no entanto, que é ainda 
é possível reduzir pela metade as emissóes até 2030 
e evitar os piores cenários. O relatório detalha medi- 
das e políticas que podem levar a um mundo mais 


justo e sustentável. 


O Painel Intergovernamental sobre Mudancas Cli- 
máticas (IPCC) divulgou seu novo relatório na 
segunda-feira (04). O documento, que tem foco na 
mitigacáo das mudancas climáticas, indica que as 
emissóes nocivas de carbono de 2010-2019 foram 
as mais altas na história da humanidade. Para o 
secretário-geral da ONU, António Guterres, esta é 
prova de que o mundo está em um “caminho rápido” 
para o desastre. 


Em seus comentários sobre o lancamento do novo 
relatório do IPCC, o secretário-geral da ONU insis- 
tiu que, a menos que os governos de todos os luga- 
res reavaliem suas políticas energéticas, o mundo 
será inabitável. 


Seus comentários refletem a insisténcia do IPCC 
de que todos os países devem reduzir substan- 
cialmente o uso de combustíveis fósseis, ampliar o 
acesso a eletricidade, melhorar a eficiéncia energé- 


-.] KITS E 
Legenda: Eventos extremos, como enchentes, devem se 
tornar mais comuns á medida que o planeta aquece 
Foto: O Fernando Frazáo/Agéncia Brasil 
tica e aumentar o uso de combustíveis alternativos, 
como o hidrogénio. 


História de terror - A menos que uma acáo seja 
tomada em breve, algumas grandes cidades ficaráo 
submersas, afirmou Guterres em uma mensagem 
de vídeo, que também prevé “ondas de calor sem 
precedentes, tempestades aterrorizantes, escassez 
generalizada de água e a extincáo de um milháo de 
espécies de plantas e animais” 


O chefe da ONU acrescentou: “Isso náo é ficcáo ou 
exagero. É o que a ciéncia nos diz que resultará 
de nossas atuais políticas energéticas. Estamos no 
caminho para o aquecimento global de mais que o 
dobro do limite de 1,5 grau Celsius que foi acordado 
em Paris em 2015* 


Questáo urbana — Segundo os autores do relató- 
rio, uma parcela crescente das emiss0es pode ser 
atribuída a vilas e cidades. De forma igualmente 
preocupante, o relatório sinaliza que as reducdes 
de emiss0es na última década “foram menores do 
que os aumentos de emissdes, devido ao aumento 
dos níveis de atividade global na indústria, abaste- 
cimento de energia, transportes, agricultura e edi- 
fícios” 


ttps://brasil.un.org/pt-br/ 55-relat -climati 's-cami: -do-desastre-alerta-guterres 
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De acordo com o novo, as emis- 
s0es de gases de efeito estufa 
geradas pela atividade humana 
aumentaram desde 2010 “em to- 
dos os principais setores do mun- 
do. O documento é fruto do tra- 
balho de centenas de cientistas 
independentes de todo mundo e 
foi aprovado por 195 países. 


Sinais encorajadores - O painel 
de cientistas realca, no entanto, 
que é ainda é possível reduzir 
pela metade as emissóes até 
2030 e insta governos a inten- 
sificar as acdes para reduzir as 
emiss0es. 


Como exemplo dos avancos, os 
autores chamam atencáo para 
a reducáo significativa no custo 
das fontes de energia renovável 
desde 2010, em até 85% para 
energia solar e eólica e baterias. 


Incentivando a acáo climática 
— De acordo com o presidente do 
IPCC, Hoesung Lee, o momento 
atual representa uma “encruzil- 
hada” “As decisdes que tomamos 
agora podem garantir um futuro 
habitável; disse Lee. 


Ele se mostrou encorajado pela 
acáo climática que está sendo 
tomada em muitos países. “Exis- 
tem políticas, regulamentos e ins- 
trumentos de mercado que estáo 
se mostrando eficazes. Se forem 
ampliados e aplicados de forma 
mais ampla e equitativa, podem 
apoiar reducóes profundas de 
emissdes e estimular a inovacáo; 
afirmou. 


Para limitar o aquecimento global 
a cerca de 1,5C (2,7*F), o relató- 
rio do IPCC insiste que as emis- 
s0es globais de gases de efeito 
estufa teriam que atingir o pico 
“antes de 2025, o mais tardar, e 
ser reduzidas em 43% até 2030” 


O metano também precisaria ser 
reduzido em cerca de um terco, 
de acordo com os autores do re- 
latório. Ainda assim, mesmo que 
isso fosse alcancado, é “quase 
inevitável”. que  ultrapassemos 
temporariamente oO limite de 
temperatura de 1,5 grau Celcius 
acima do período pré-industrial. 
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Legenda: Apesar dos desafios, passos encorajadores vém sendo dados. 
A reducáo significativa no custo das fontes de energia renovável desde 
2010 é um exemplo 
Foto: O Abbie Trayler-Smith/UK Department for International Develop- 
ment 


No entanto, ainda seria possível 
retornar a um valor abaixo deste 
limite até o final do século. 


Agora ou nunca - “É agora ou 
nunca, se quisermos limitar o 
aquecimento global a 1,5%C; sem 
reducdes imediatas e profundas 
de emissdes em todos os seto- 
res, será impossível; disse Jim 
Skea, copresidente do Grupo de 
Trabalho lll do IPCC, responsável 
pelo último relatório. 


De acordo com o relatório, que 
reúne as melhores evidéncias 
científicas disponíveis, as tempe- 
raturas globais se estabilizaráo 
quando as emissdes de dióxido 
de carbono atingirem zero lí- 
quido. Para 1,5*C, isso significa 
atingir emiss0es líquidas zero de 
dióxido de carbono globalmen- 
te no início da década de 2050; 
para 2”C, é no início da década 
de 2070. 

“Esta avaliacáo mostra que li- 
mitar o aquecimento a cerca de 
2*C ainda exige que as emissdes 
globais de gases de efeito estufa 
atinjam o pico antes de 2025, o 
mais tardar, e sejam reduzidas 
em um quarto até 2030 ressalta 
Skea. 

A diretora do Programa das 
Nacdes Unidas para o Meio Am- 
biente (PNUMA) acredita que o 
relatório deve guiar as acóes da 


próxima Conferéncia das Partes 
sobre Mudancas Climáticas, que 
acontece no novembro deste 
ano, no Egito, mas também an- 
tes disso. “A próxima COP sobre 
o clima deve trazer promessas 
mais ambiciosas quanto ao cli- 
ma e estratégias de longo prazo 
para 2050 para ajudar a conduzir 
tais mudancas. Mas o aumento 
da acáo deve comecar este ano, 
náo no próximo. Este més, náo 
no próximo. Hoje, náo amanha; 
disse Inger Andersen. 

“Meias medidas náo reduziráo as 
emiss0es pela metade até 2030, 
que é o que precisamos fazer. 
Precisamos avancar com tudo; 
afirmou ainda Andersen. 


Base da política - As avaliacdes 
do IPCC sáo muito importantes 
porque fornecem aos governos 
informacóes científicas que po- 
dem ser usadas para desenvol- 
ver políticas climáticas. Elas tam- 
bém desempenham um papel 
fundamental nas negociacóes 
internacionais para combater as 
mudangas climáticas. 


Entre as solucdes sustentáveis e 
de reducáo de emiss0es disponí- 
veis para os governos, o relatório 
do IPCC enfatizou que repensar 
como as cidades e outras áreas 
urbanas funcionaráo no futuro 
pode ajudar significativamente a 
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mitigar os piores efeitos das mudancas climáticas. 


“Essas (reducdes) podem ser alcancadas por meio 
de menor consumo de energia (como a criacáo de 
cidades compactas e caminháveis), eletrificacáo do 
transporte em combinacáo com fontes de energia 
de baixa emissáo e maior absorcáo e armazena- 
mento de carbono usando a natureza; sugeriu o 
relatório, que apresenta opcdes para cidades esta- 
belecidas, de rápido crescimento e novas. 


“As mudancas climáticas sáo o resultado de mais 
de um século padróes insustentáveis de energia, 
uso da terra, estilos de vida, consumo e producáo; 
resumiu Skea. “Este relatório mostra como agir ago- 
ra pode nos levar a um mundo mais justo e susten- 


tável” 


Sobre o IPCC - O Painel Intergovernamental so- 
bre Mudancas Climáticas (IPCC) é o órgao da ONU 
para avaliar a ciéncia relacionada ás mudancas 
climáticas. Foi estabelecido pelo Programa das 
Nacdes Unidas para o Meio Ambiente (PNUMA) e 
pela Organizacáo Meteorológica Mundial (OMM) 
em 1988 para fornecer aos líderes políticos ava- 
liac0es científicas periódicas sobre as mudancas 
climáticas, suas implicacóes e riscos, bem como 
propor estratégias de adaptacáo e mitigacáo. No 
mesmo ano, a Assembleia Geral da ONU endos- 


sou a acáo da OMM e do PNUMA em estabelecer 
conjuntamente o IPCC, que atualmente tem 195 
Estados-membros. 


Milhares de pessoas de todo o mundo contribuem 
para o trabalho do IPCC. Para os relatórios de ava- 
liacáo, os especialistas oferecem seu tempo como 
autores do IPCC para avaliar os milhares de arti- 
gos científicos publicados a cada ano para fornecer 
um resumo abrangente do que se sabe sobre os 
impulsionadores das mudancas climáticas, seus 
impactos e riscos futuros e como a adaptacáo e a 
mitigacáo podem reduzir esses riscos. 


Sobre o relatório — O último relatório é resultado do 
trabalho de 278 autores de 65 países, incluindo o 
Brasil. Eles compóem o Grupo de Trabalho lll do 
IPCC, que se debruca sobre a mitigacáo das mu- 
dancas climáticas, ou seja, medidas que podem 
tornar menos intensas os efeitos da crise do clima. 


O documento faz parte do Sexto Ciclo de Avaliacáo 
do IPCC (AR6). As duas primeiras partes deste ci- 
clo foram lancadas em agosto de 2021 e fevereiro 
de 2022 e tratam, respectivamente, das bases cien- 
tíficas e da adaptacáo ás mudancas climáticas. Um 
Relatório de Síntese está previsto para ser divulga- 
do no segundo semestre de 2022. 


THEAMAZON 


Conciencia conservacionista 


Tomado de https://youtu.be/DCOI0bdKmuM 
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Conciencia conservacionista 


Tomado de https://youtu.be/NiOlppUr BQ 


La influencia humana ha calentado el clima 


Cambio del promedio de la temperatura global relativo a 
1850-1900, indicando las temperaturas observadas y 
simulacros de computadora 


2,0C 3 E 

115€ Al 
Observación 
Simulacro 

1,0C de factores 
humanos y 

0/56= naturales 


0,0€ factores. sl 
naturales 
-0,5C únicamente 
1850 1900 1950 2000 2020 
Nota: Las lados 


grados celcius desde el periodo 1850-1 900, 
cuando comenzó la revolución industrial, 


Tomado de https://youtu.be/4QEWODHWIlg 
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Climate change is a direct threat to a child's abili- 
ty to survive, grow, and thrive. 


As extreme weather events such as cyclones and 
heatwaves increase in frequency and ferocity, they 
threaten children's lives and destroy infrastructure 
critical to their well-being. Floods compromise water 
and sanitation facilities, leading to diseases such as 
cholera, to which children are particularly vulnera- 
ble. 

Droughts and changing global rainfall patterns 
are leading to crop failures and rising food prices, 
which for the poor mean food insecurity and nutri- 
tional deprivations that can have lifelong impacts. 


https://www.unicef.org/environment-and-climate-change 


O UNICEF/UNO55819/Sokhin 


Children are the least responsible for cli- 
mate change, yet they will bear the grea- 
test burden of its impact 


These also have the potential to destroy livelihoods, 
drive migration and conflict, and cripple opportuni- 
ties for children and young people. 


Children are the most vulnerable to diseases that 
will become more widespread as a result of climate 
change, such as malaria and dengue fever. Close to 
90 per cent of the burden of disease attributable to 
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O UNICEF/UNO286415/Akash 


During the 2016 floods in Kurigram, northern Bangladesh, a girl tries to pump clean water from a standpipe. The contamina- 
tion of drinking water supplies is a major risk during flooding. 


climate change is borne by chil- 
dren under the age of 5. 


The drivers of air pollution are 
the same as those of climate 
change. Approximately two billion 
children live in areas where air 
pollution levels exceed standards 
set by the World Health Organi- 
zation (WHO) X causing them to 
breathe toxic air and putting their 
health and brain development at 
risk. Every year, over half a mi- 
llion children under the age of 5 
die from air-pollution-related cau- 
ses. Even more will suffer lasting 
damage to their developing bra- 
ins and lungs. 


Pneumonia remains the lea- 
ding infectious cause of death 
among children under 5, killing 
approximately 2,400 children 
a day. Child deaths caused by 
pneumonia are strongly linked to 
undernutrition, lack of safe water 
and sanitation, indoor air pollu- 
tion and inadequate access to 
health care MX all challenges that 
are exacerbated by climate chan- 
ge. 
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For children who are already 
disadvantaged, the stakes are 
even higher. Poorer families have 
a harder time coping with shocks. 
The most vulnerable are already 
losing their homes, health and 
education. And as climate chan- 
ge makes crises more common, 
it becomes harder to recover from 
them. 

Already today, some 785 mi- 
llion people lack access to basic 
water services. And by 2040, al- 
most 600 million children are pro- 
jected to live in areas where the 
demand for water will exceed the 
amount available. 

Without action now, climate 
change will exacerbate the in- 


This ¡is the first time a global 
generation of children will 
grow up in a world made far 
more dangerous and uncer- 


tain as a result of a changing 


climate and degraded envi- 
ronment. 


equalities that children already 
face, and future generations will 
suffer. 


The evidence for the impact of 
climate change and air pollution 
on children is firm and growing, 
but time ¡is running out fast. 


According to the latest research 
from the Intergovernmental Panel 
on Climate Change (IPCC), we 
have less than 11 years to make 
the transformation necessary to 
avoid the worst impacts of climate 
change. The level of carbon dioxi- 
de in the atmosphere would have 
to be cut by 45 per cent by 2030 
to prevent global warming above 
1.50C — in other words, the thres- 
hold at which the worst impacts of 
climate change could be averted. 


This is the first time a global 
generation of children will grow 
up in a world made far more dan- 
gerous and uncertain as a result 
of a changing climate and de- 
graded environment. Addressing 
climate change and mitigating its 
impact is imperative to protect the 
world's children and fullfil their 
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rights. 


Solution 


Climate action provides an exceptional opportunity 

to unlock massive economic and social benefits that 

can help us achieve the Sustainable Development 

Goals (SDGs). Addressing the challenges of envi- 

ronmental sustainability is imperative for UNICEF to 

fulfil its mandate and protect the world's most vulne- 

rable children. 

UNICEF works with partners at global and local level 

to ensure that children can live in a safe and clean 

environment. Our actions are structured around four 

approaches: 

1. Making children the centre of climate change 
strategies and response plans 

2. Recognizing children as agents of change. 

3. Protecting children from the impact of climate 
change and environmental degradation. 

4. Reducing emissions and pollution. 


1. Making children the centre of climate change 
strategies and response plans 

UNICEF works with governments and partners 
globally to ensure children are an essential part of 
climate change strategies and disaster response 


sl 


O UNICEF/UNO154526/Batbaatar 
A boy waits for his bus to school in Ulaanbaatar, Mongolia, where air pollution levels are dangerously high. 


plans. 


In Bolivia, for example, UNICEF supported the Youth 
Summit on Water and Climate Change to strengthen 
youth leadership in climate change adaptation and 
integrated water resources management. In Papua 
New Guinea, children are actively engaging in de- 
veloping climate disaster response plans for their 
schools. 


2. Recognizing children as agents of change 


Children's participation in issues that affect them 
is part of their fundamental rights (Article 12, Con- 
vention on the Rights of the Child). UNICEF works 
with young people to elevate their voices on climate 
change through creative platforms, advocacy and 
participation at major United Nations summits. 


Children and young people can also play a key role 
in addressing climate-related risks by promoting en- 
vironmentally sustainable lifestyles and setting an 
example for their communities. 


3. Protecting children from the impact of climate 
change and environmental degradation 


UNICEF supports initiatives to make schools, health 
centres, water and sanitation facilities — and other 
services critical to children's well-being — resistant 
to climate and environmental shocks. This not only 
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O UNICEF/UNO55820/Sokhin 


A boy walks from school to his house in Aberao village in South Tarawa, Kiribati. Kiribati is one of the countries most affec- 


improves children's resilience to 
future shocks, but also makes it 
less likely that today's inequities 
will be exacerbated by climate 
change. Specifically, we aim to 
support governments in the fo- 
llowing areas: 


Climate-smart water, sanitation 
and hygiene services 


Among the biggest impacts of 
climate change is water scarcity 
and/or contamination as a re- 
sult of floods, droughts or severe 
weather. UNICEF is working to 
scale a package of solutions that 
include remote sensing to impro- 
ve the identification of water sou- 
rces, solar energy to help pump 
water, and smart management 
systems to use water efficiently. 


Sustainable energy and disas- 
ter risk response in schools 

Schools that are environmentally 
sustainable and resilient to na- 
tural disasters are some of the 


best ways we can protect chil- 
dren in the face of a changing 
climate. Renewable energy (e.g. 
solar power) enables lighting and 
connectivity in areas where grid 
power is lacking. This supports 
education by allowing school 
meals to be cooked and solar 
lanterns to be charged for stu- 
dents to take home to do their 
homework. 


The participation of young 

people is a necessity if the 
interests of future genera- 
tions are to be safeguarded 


In Kenya, for example, UNICEF 
has supported sustainable ener- 
gy solutions, including solar 
lighting for schools, solar pumps 
in communities vulnerable to 
drought and floods, and a pilot 
social protection cash transfer 
programme which provides off- 
grid energy solutions to improve 


ted by rising sea levels. 


Sustainable energy and disas- 
ter risk response in health cen- 
tres 


Reliable energy and resilience to 
disasters is often a barrier to pro- 
viding health services to children. 
Over 60 per cent of health faci- 
lities in low and middle-income 
countries and 25 per cent in sub- 
Saharan Africa are without relia- 
ble electricity for basic services 
such as lighting, heating and the 
powering of medical equipment. 


Building on our experience with 
solar fridges for vaccine delivery, 
we focus on solar power. This 
enables water to be heated, va- 
ccines to be preserved, medical 
equipment to be powered, and 
health centres to be lit. 


In sub-Saharan Africa, UNICEF 
continues to support the upgrade 
of national vaccine cold chains 
with solar power. We do so to im- 
prove reliability and sustainability, 
reduce carbon dioxide emissions 
and provide vaccines to children 
in remote areas. 


childrer's learning and health. 
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O UNICEF/UNO340758/Nesbitt 

Youth climate activists take part in a demonstration outside of United Nations 
Headquarters in New York City on 30 August 2019, calling for global action to 
combat climate change. 


In Ethiopia, 70 per cent of the 6,000 
solar fridges procured by UNICEF 
in 2018 were installed in new sites 
to reach previously unreached chil- 
dren. 


4. Reducing emissions and po- 
llution 


Taking decisive action to cut green- 
house gas emissions to slow, and 
ultimately stop, the advance of cli- 
mate change is crucial to tackle the 
climate crisis before it's too late. 

UNICEF works to improve air po- 
llution monitoring and advocacy, 2. 
especially in countries and regions O UNICEF/UNO0293600/Keita 


where these systems are sparse or Mamadou Kassé, 29, a vaccinator at the Sofara community health center in 
non-existent. A big part of our work Mopti, Mali, checks the local stock of vaccines in a solar-powered fridge. 


is also to support governments to 

respond to the increased incidence of pneumonia and other respiratory diseases that arise as a conse- 
quence of air pollution. 

UNICEF is also dedicated to environmental sustainability in its own operations. We are working to transform 
how and where we work to reduce greenhouse gas emissions and environmental impact, and we have 
established a dedicated internal fund to support this process. This also includes reducing water and energy 
consumption, paper use, and waste. 

We are implementing solutions to reduce our environmental footprintin over 70 offices worldwide and counting 
X for example energy efficient lighting, heating, ventilation and cooling systems, water efficient fixtures, solar 
water heating and energy systems, and more. An increasing number of our offices are running on solar power, 
including in Jordan, Zimbabwe and India X with the Haiti office generating 100 per cent ofits powerfromthe sun. 
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Desplazamiento de sp. 


O Costes de adaptación poblaciones enteras 0 
de zonas costeras a la s 
subida del nivel del agua 
Descenso 
de la productividad 
de las cosechas 


Pérdida de ta capacidad 
de trabajo debido al calor 


Subida de precios en 

alimentos básicos o Po 
de consumo habitual 

Más conflictos bélicos 

para acceder a 


recursos limitados 


Aumento de la pobreza, 
provocada por fenómenos 
meteorológicos extremos 
Empeoramiento del 
acceso al agua potable Propagación de enfermedades o 
en determinadas áreas por el aumento de la temperatura 


https://elpopular.pe/educacion/2021/11/08/cambio-climatico-es-causas-como-nos-afecta-93903 
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UNICEF: Cerca de mil milhdes de 
Crancas VIVem emñ palses Com Fisco 
climatico mulio elevado” 


Por Green Savers 


Cerca de mil milhóes de criancas — quase me- 
tade do total de 2,2 mil milhdes no mundo — vivem 
num dos 33 países considerados de “risco muito 
alto” devido aos efeitos das alteracóes climáticas. 
Esta é uma das principais conclusdes do UNICEF 
no seu novo índice para medir a vulnerabilidade de 
criancas a crise climática. 


Este índice do Fundo das Nacóes Unidas para a 
Infáncia (Unicef) categoriza os países com base na 
exposicáo de menores a situacóes climáticas extre- 
mas, como ciclones ou ondas de calor, bem como 
a sua vulnerabilidade a esses fenómenos atmos- 
féricos, dependendo do acesso a que dispóem de 

rvi nciais. 
https://greensavers.sapo.pt/unicef-cerca-d 


Créditos: Asian Development Bank 


Segundo a Unicef, cerca de mil milh0es de 
criancas, cerca da metade dos 2,2 mil milhóes de 
menores do planeta, vivem nos 33 países conside- 
rados de “risco extremamente alto” 


“Estas criancas enfrentam uma combinacáo 
mortal de exposicáo a múltiplos fenómenos climá- 
ticos e ambientais com alta vulnerabilidade devido 
a servicos essenciais inadequados, como água e 
saneamento, assisténcia médica e educacáo; disse 
a agéncia em nota por ocasiáo do lancamento do 
índice. 

Intitulado “A Crise Climática é uma Crise dos 
Direitos da Crianca: Uma Introducáo ao Índice de 


1ps: 'eensa 'S.SApo.] fl -mil-milhoes-de-criancas-vivem-em-paises-com-risco-climatico-muito-elevado/ 
GEOMINAS, Vol. 50, N* 88, agosto2022 65 


Panorámica ambiental 


Mapa 1: Perigos climáticos e ambientais, choques e estresses que se sobrepóem 


Number of Hazards, Shocks or 
Stresses: 


Extremely High (25) 
High (4) 
Medium-High (3) 
Low-Medium (2) 


Low (1) 


Fonte: Esse mapa junta informacóes do World Resources Institute (WRI); United Nations Environment (UNEP); The Global 
Assessment Report, UNDRR; The Center for International Earth Science Information Network (CIESIN); The Malaria Atlas Project; 
Messina et al.; Kraemer et al.; The Climate Research Unit, University of East Anglia; The Atmospheric Composition Analysis 
Group; and UN World Population Prospects (2019 revision). Veja a metodologia para detalhes completos. 


Traducáo do mapa: Número de perigos, choques ou estresses: 


Risco Climático Infantil o docu- 
mento lista inundacóes costei- 
ras e fluviais, ciclones, doencas, 
poluicáo por chumbo e poluicáo 
do ar, ondas de calor e falta de 
água como o principais tenóme- 
nos ambientais e meteorológicos 
para a elaboracáo do ranking. 


Deste modo, a Unicef desta- 
ca que, embora praticamente 
nenhuma crianca esteja livre de 
sofrer pelo menos um desses fe- 
nómenos, cerca de 850 milhóes 
de menores (um terco do total) 
vivem em áreas onde, pelo me- 
nos, quatro desses eventos con- 
vergem ao mesmo tempo. 


“Pela primeira vez, temos um 
quadro completo de onde e como 
as criancas sáo vulneráveis ás 
mudancas climáticas, e esse qua- 
dro terrível é quase inimaginável. 
As crises climáticas e ambientais 
estáo a minar todo o espectro 
dos direitos das criancas, desde 
O acesso a ar puro, a alimentos e 
água potável; a educacáo, casa, 
protecáo contra a exploracáo e 
até mesmo ao direito de sobrevi- 
ver ; disse a diretora executiva do 
UNICEF, Henrietta Fore. 


Os países com menos 
emiss0es, os mais expostos 


Por outro lado, o relatório que 
acompanha o índice aponta que 


66 


Os países que menos geram ga- 
ses com efeito de estufa sáo os 
que mais sofrem as consequén- 
cias das mudancas climáticas. 


Assim, os 33 estados consi- 
derados de maior risco para me- 
nores produzem apenas 9% das 
emiss0es globais de CO2. 


“A mudanca climática é profun- 
damente desigual. Embora nen- 
huma crianca seja responsável 
pelo aumento das temperaturas 
globais, elas pagaráo os custos 
mais altos. Os filhos dos países 
com menos  responsabilidade 
seráo os que mais sofreráo % dis- 
se Fore, que também abriu uma 
pequena janela de esperanca. 


De acordo com Fore, ainda há 
tempo para agir “melhorando o 
acesso das criancas a servicos 
essenciais, como água e sanea- 
mento, saúde e educacáo, para 
aumentar significativamente sua 
capacidade de sobreviver a es- 
ses perigos climáticos”. 

“A UNICEF exorta os gover- 
nos e empresas a ouvirem as 
criancas e priorizarem acóes 
que as protejam dos impactos, 
ao mesmo tempo que aceleram 
o trabalho para reduzir drasti- 
camente as emiss0es de gases 
com efeito de estufa; acrescen- 
tou Fore. 


Nesse sentido, pediu maiores 


investimentos na adaptacáo e 
resiliéncia ao clima em servicos 
essenciais para as criancas, na 
reducáo das emissdes de gases 
com efeito de estufa e na oferta 
de educacáo climática e “habili- 
dades verdes” ás criancas para 
a sua adaptacáo aos efeitos da 
mudanca climática. 


“Ao melhorar o acesso das 
criancas a servicos essenciais, 
como água, saneamento, saúde 
ou educacáo, podemos aumen- 
tar significativamente a sua ca- 
pacidade de sobreviver a esses 
perigos climáticos, mas lidar com 
a mudanca climática exige que 
todas as partes da sociedade 
ajam' disse Fore. 


Além disso, o relatório apela 
para que os jovens sejam incluí- 
dos nas negociacóes climáticas 
locais, nacionais e internacionais 
e garantam que a recuperacáo 
da crise COVID-19 seja verde, 
com baixas emiss0es de CO2 e 
inclusiva. 


A apresentacáo do índice in- 
cluiu, além de Fore, a partici- 
pacáo da jovem ativista sueca 
pelo clima Greta Thunberg, bem 
como da bengalesa Farzana Fa- 
ruk Jhumu e do zimbabuense 
Nkosilathi Nyathi. 

A publicacáo do índice coinci- 
diu com o terceiro aniversário do 
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nascimento do movimento “Fridays for Future” em 
20 de agosto de 2018, quando Thunberg protestou 
pela primeira vez perante o Parlamento sueco para 


com tempestades. 


pedir uma acáo urgente com o objetivo de parar o c 


mar continuam a aumentar, com os efeitos con- 
sideravelmente ampliados quando combinados 


das Alteracd0es Climáticas. 


O Índice de Risco Climático para Criancas 


apresenta os seguintes dados: 


820 milhóes de criancas (mais de um terco do 
total de criancas no mundo) estáo atualmente 
expostas á ondas de calor. É provável que a 
situacáo se agrave, na medida em que a tem- 
peratura média da Terra aumenta e padróes 
climáticos se tornam mais erráticos. O ano de 
2020 ficou empatado como o ano mais quente 
já registado. 

400 milhóes de criancas (aproximadamente 1 
a cada 6 criancas no mundo) estáo atualmente 
expostas á ciclones. É provável que a situacáo 
se agrave, na medida em que ciclones de alta 
intensidade (isto é, Categorias 4 e 5) aumenta- 
ram em frequéncia, aumentando a intensidade 
de precipitacdes, e que faz com que os padróes 
de ciclone mudem. 

330 milhódes de criancas (1 a cada 7 criangas no 
mundo) estáo atualmente altamente expostas á 
inundacóes fluviais. É provável que a situacáo 
se agrave, na medida em que as geleiras de- 
rretem e as precipitacdes aumentam, devido ao 
alto teor de água na atmosfera, que é resultado 
de maiores temperaturas médias. 


240 milh0es de criancas (1 a cada 10 criancas 
no mundo) estáo atualmente altamente expos- 
tas á inundacóes costeiras. É provável que a 
situacáo se agrave, ao passo que os níveis do 


Mudancas de início lento: 


920 milhdes de criancas (mais de um terco das 
criancas no mundo) estáo atualmente altamen- 
te expostas á escassez de água. É provável 
que a situacáo se agrave, na medida em que 
a mudanca climática aumenta a frequéncia e 
severidade de secas, stress hídrico, variedade 
sazonal e interanual - e a demanda por água 
aumenta, resultando na deplecáo de corpos 
aquíferos subterráneos. 


600 milhóes de criancas (mais de 1 a cada 4 
criancas no mundo) estáo atualmente altamen- 
te expostas a doencas transmitidas por veto- 
res, como malária e dengue, entre outras. É 
provável que a situacáo se agrave, com a ade- 
quacáo da temperatura e condicdes climáticas 
para que mosquitos e patógenos que transmi- 
tem doencas se espalhem. 


Degradacáo ambiental e stress: 


2 bilides de criancas (quase 90% das criancas 
no mundo) estáo atualmente altamente expos- 
tas á poluicáo do ar que excede 10ug/m3 . É 
provável que a situacáo se agrave a menos que 
haja uma reducáo da queima de combustíveis 
fósseis, que causam poluigáo no ar. 


Com Agéncia EFE 
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El cambio climático constituye una amenaza di- 
recta a la capacidad de los niños para sobrevivir, 
crecer y prosperar. 


Fenómenos meteorológicos extremos como los 
ciclones y las olas de calor, que cada vez son más 
frecuentes e intensos, ponen en peligro las vidas de 
los niños y amenazan con destruir infraestructuras 
esenciales para su bienestar. Las inundaciones po- 
nen en riesgo las instalaciones de abastecimiento 
de agua y saneamiento, favoreciendo la aparición 
de enfermedades como el cólera, al cual los niños 
son particularmente vulnerables. 


https://www.unicef.org/es/medio-ambiente-cambio-climatico 


O UNICEF/UNO55819/Sokhin 


Las personas menos responsables del 

cambio climático son los niños; sin em- 

bargo, ellos sufrirán las peores conse- 
cuencias 


Las sequías y la variabilidad de los regímenes 
pluviométricos alrededor del mundo están oca- 
sionando la pérdida de cosechas y elevando los 
precios de los alimentos, lo que significa para los 
pobres inseguridad alimentaria y privaciones nutri- 
cionales que pueden tener repercusiones a lo largo 
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de toda la vida. También pueden 
destruir los medios de subsis- 
tencia, propiciar la migración y 
los conflictos, y acabar con las 
oportunidades para los niños y 
los jóvenes. 


Los niños son las personas 
más vulnerables a las enferme- 
dades que más se propagarán 
como resultado del cambio cli- 
mático; por ejemplo, el paludismo 
y la fiebre del dengue. Cerca del 
90% de la carga de morbilidad 
atribuible al cambio climático re- 
cae en los niños menores de 5 
años. 


Las causas de la contamina- 
ción atmosférica son las mismas 
de las del cambio climático. Apro- 
ximadamente 2.000 millones de 
niños viven en zonas donde los 
niveles de contaminación del 
aire superan las normas estable- 
cidas por la Organización Mun- 
dial de la Salud (OMS), y esto 
provoca que respiren aire tóxico, 
y poniendo en peligro su salud 
y su desarrollo cerebral. Más de 
medio millón de niños menores 


70 


de 5 años mueren todos los años 
por causas relacionadas con la 
contaminación atmosférica. Pero 
incluso un número mayor de ni- 
ños sufrirán daño cerebral y pul- 
monar permanente, en una etapa 
en que estos órganos se están 
desarrollando. 


La neumonía sigue siendo la 
principal causa de muerte por en- 
fermedades infecciosas entre los 
niños menores de 5 años; de he- 
cho, provoca la muerte de unos 
2.400 niños todos los días. Las 
muertes infantiles causadas por 
la neumonía se relacionan estre- 
chamente con la desnutrición, la 
falta de agua potable y servicios 


Esta es la primera vez que 
toda una generación de 
niños crecerá en un mundo 
que se ha tornado mucho 
más peligroso e incierto a 


consecuencia del clima cam- 


biante y la degradación del 
medio ambiente. 


O UNICEF/UNO286415/Akash 
Durante las inundaciones de 2016 en Kurigram, al norte de Bangladesh, una niña trata de bombear agua limpia de una boca 
de incendios. La contaminación de las fuentes de agua potable es un riesgo importante en caso de inundación. 


de saneamiento, la contamina- 
ción del aire en recintos cerrados 
y el acceso insuficiente a la aten- 
ción de la salud, problemas todos 
ellos agravados por el cambio 
climático. 

Para los niños desfavorecidos 
hay mucho más en juego. Las fa- 
milias más pobres tienen mayo- 
res dificultades para hacer frente 
a las crisis. Las más vulnerables 
ya están perdiendo sus hogares, 
su salud y las oportunidades edu- 
cativas. Y al aumentar la frecuen- 
cia de las crisis relacionadas con 
el cambio climático, es más difícil 
recuperarse. 


Hoy en día, alrededor de 785 
millones de personas carecen de 
acceso a servicios básicos de 
agua, y se prevé que, para 2040, 
casi 600 millones de niños vivirán 
en zonas donde la demanda de 
agua excederá la cantidad dispo- 
nible. 


De no tomar medidas ya, el 
cambio climático profundizará las 
desigualdades que los niños en- 
frentan en la actualidad y causa- 
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O UNICEF/UNO154526/Batbaatar 


Un niño espera el autobús que lo llevará a la escuela en Ulaanbaatar, Mongolia, donde los niveles de contaminación del 


rá daños a las futuras generaciones. 


Las pruebas sobre los efectos del cambio climáti- 
co y la contaminación atmosférica en los niños son 
sólidas y están aumentando. Y el tiempo se está 
agotando. 


De acuerdo con la última investigación del Grupo 
Intergubernamental de Expertos sobre el Cambio 
Climático, tenemos menos de 11 años para llevar 
a cabo las transformaciones que se requieren para 
evitar las peores repercusiones del cambio climáti- 
co. El nivel de dióxido de carbono en la atmósfera 
tendría que haber disminuido un 45% para 2030, 
a fin de que el calentamiento mundial no supere 
1,5”C; en otras palabras, el umbral para evitar las 
peores consecuencias del cambio climático. 


Esta es la primera vez que toda una generación 
de niños crecerá en un mundo que se ha tornado 
mucho más peligroso e incierto a consecuencia del 
clima cambiante y la degradación del medio am- 
biente. Con el propósito de proteger a los niños del 
mundo y hacer efectivos sus derechos, es imperati- 
vo abordar el cambio climático y mitigar su impacto. 


La solución 
La acción climática representa una oportunidad 
excepcional para liberar los inmensos beneficios 
económicos y sociales que pueden ayudarnos a 


aire son peligrosamente altos. 


alcanzar los Objetivos de Desarrollo Sostenible 
(ODS). Para que UNICEF pueda cumplir su manda- 
to y proteger a los niños más vulnerables del mun- 
do, es imprescindible abordar los retos que plantea 
la sostenibilidad ambiental. 


UNICEF colabora con sus aliados mundiales y 
locales para lograr que los niños puedan vivir en un 
medio ambiente seguro y limpio. Nuestras activida- 
des se estructuran alrededor de cuatro estrategias: 


1. Dar la máxima prioridad a los niños en las es- 
trategias y los planes de respuesta al cambio 
climático. 

2. Reconocer a los niños como agentes de cam- 
bio. 


3. Proteger a los niños contra el impacto del cam- 
bio climático y la degradación del medio am- 
biente. 


4. Reducir las emisiones y la contaminación. 


1. Dar la máxima prioridad a los niños en las 
estrategias y los planes de respuesta al cambio 
climático 

UNICEF colabora con gobiernos y asociados a 
nivel mundial para garantizar que los niños consti- 
tuyan una parte esencial de las estrategias relativas 
al cambio climático y los planes de respuesta a los 
desastres. 
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En Bolivia, por ejemplo, 
UNICEF apoyó la Cumbre de la 
Juventud sobre Agua y Cambio 
Climático para reforzar el lide- 
razgo de los jóvenes en lo que 
se refiere a adaptación al cambio 
climático y gestión integrada de 
los recursos hídricos. En Papúa 
Nueva Guinea, los niños están 
participando activamente en la 
formulación de planes de res- 
puesta a los desastres climáticos 
para sus escuelas. 


2. Reconocer a los niños 
como agentes de cambio 

La participación de los niños 
en cuestiones que los afectan 
forma parte de sus derechos 
fundamentales (Artículo 12, Con- 
vención sobre los Derechos del 
Niño). UNICEF colabora con los 
jóvenes haciendo oír sus voces 
sobre el cambio climático, por 
medio de plataformas creativas, 
actividades de promoción, y par- 
ticipación en las principales cum- 
bres de las Naciones Unidas. 
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Los niños y los jóvenes tam- 
bién pueden desempeñar un 
papel clave en la lucha contra 
los riesgos asociados con el cli- 
ma, promoviendo estilos de vida 
ambientalmente sostenibles y sir- 
viendo de ejemplo a sus comuni- 
dades. 


La participación de los jó- 
venes es vital para proteger 
los intereses de las futuras 

generaciones 


3. Proteger a los niños con- 
tra el impacto del cambio cli- 
mático y la degradación del 
medio ambiente 


UNICEF apoya iniciativas con 
las que se busca que las es- 
cuelas, los centros de salud, las 
instalaciones de abastecimiento 
de agua y saneamiento —y otros 
servicios indispensables para 
el bienestar de los niños— sean 
resistentes a las perturbaciones 


O UNICEF/UNO55820/Sokhin 
Un niño camina de la escuela a su hogar, en el pueblo de Aberao, Tarawa del Sur, Kiribati. Este es uno de los países más 
afectados por la elevación del nivel del mar. 


climáticas y ambientales. Esto no 
solo mejora la resiliencia de los 
niños frente a futuras calamida- 
des; también hace menos proba- 
ble que el cambio climático agu- 
dice las desigualdades actuales. 
Específicamente, nuestro objeti- 
vo es respaldar a los gobiernos 
en los siguientes ámbitos: 


Servicios de agua, sanea- 
miento e higiene inteligentes 
con respecto al clima 


Entre las peores consecuen- 
cias del cambio climático están 
la escasez de agua y/o la conta- 
minación como resultado de las 
inundaciones, las sequías o las 
condiciones meteorológicas ex 
tremas. UNICEF está trabajando 
en la ampliación de un conjunto 
de soluciones, entre ellas, la tele- 
detección para mejorar la identifi- 
cación de las fuentes de agua, el 
uso de energía solar para bom- 
bear agua, y la creación de siste- 
mas de gestión inteligentes para 
utilizar eficientemente el agua. 
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O UNICEF/UNO340758/Nesbitt 


Jóvenes activistas por el clima participan en una manifestación afuera de la Sede de las Naciones Unidas en la ciudad de 
Nueva York, el 30 de agosto de 2019, para exigir que en todo el mundo se tomen medidas dirigidas a combatir el cambio 


Energía sostenible y respuesta al riesgo de 
desastres en las escuelas 


Las escuelas ambientalmente sostenibles y re- 
sistentes a los desastres naturales son uno de los 
recursos más eficaces para proteger a los niños 
contra el cambio climático. La energía renovable 
(por ejemplo, la energía solar) posibilita el alumbra- 
do y la conectividad en zonas que carecen de redes 
de suministro eléctrico. Esto es beneficioso para la 
educación, ya que permite preparar las comidas es- 
colares y cargar las linternas solares que los estu- 
diantes llevan a sus hogares para hacer sus tareas. 


En Kenya, por ejemplo, UNICEF ha apoyado so- 
luciones basadas en energía sostenible, como ilu- 
minación solar para las escuelas, bombas solares 
en comunidades vulnerables a las sequías y las 
inundaciones, y un programa piloto de transferen- 
cias de efectivo sin conexión a la red que ofrece 
soluciones para mejorar el aprendizaje y la salud 
de los niños. 


Energía sostenible y respuesta al riesgo de 
desastres en los centros de salud 


La falta de un suministro de energía fiable y la 
vulnerabilidad a los desastres constituye a menudo 
un obstáculo a la prestación de servicios de salud 
para los niños. Más del 60% de los centros de salud 
en los países de bajos y medianos ingresos, y el 
25% en África Subsahariana, no disponen de un su- 


climático. 


ministro fiable de electricidad para servicios básicos 
como la iluminación, la calefacción y la activación 
de equipos médicos. 


Basándonos en nuestra experiencia con refrige- 
radores solares para la distribución de vacunas, nos 
interesa de manera particular la energía solar. Este 
tipo de energía permite calentar agua, conservar 
las vacunas, activar los equipos médicos e ¡iluminar 
los centros de salud. 


En África Subsahariana, UNICEF sigue impul- 
sando la modernización de las cadenas nacionales 
de refrigeración de vacunas con energía solar. Lo 
hacemos para mejorar la confiabilidad y la sosteni- 
bilidad, reducir las emisiones de dióxido de carbono 
y suministrar vacunas a los niños que se encuen- 
tran en zonas aisladas. 


En Etiopía, el 70% de los 6.000 refrigeradores 
solares que UNICEF adquirió en 2018 se instalaron 
en nuevos sitios para llegar a niños que anterior- 
mente no habían sido beneficiados. 


4. Reducir las emisiones y la contaminación 


Tomar medidas decisivas para reducir las emisio- 
nes de gases de efecto invernadero a fin de frenar 
y, a la larga, detener el avance del cambio climático 
es crucial para solucionar la crisis climática antes 
de que sea demasiado tarde. 
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UNICEF colabora para mejo- 
rar la vigilancia y la promoción de 
la lucha contra la contaminación 
atmosférica, especialmente en 
países y regiones donde estos 
sistemas no existen o son esca- 
sos. Una gran parte de nuestra 
labor consiste en apoyar a los go- 
biernos en la respuesta a la cre- 
ciente incidencia de neumonía y 
otras enfermedades respiratorias 
causadas por la contaminación 
del aire. 

UNICEF también se ocupa de 
la sostenibilidad del medio am- 
biente a través de sus propias 


intervenciones. Estamos traba- 
jando para transformar la manera 
en que realizamos nuestra labor 
y los lugares donde la llevamos 
a cabo, con miras a reducir las 
emisiones de gases de efecto in- 
vernadero y el impacto medioam- 
biental, y hemos creado un fondo 
interno con el objeto de reforzar 
este proceso. Esto también impli- 
ca reducir el consumo de agua y 
energía, el uso de papel y la can- 
tidad de residuos. 

Estamos poniendo en práctica 
soluciones para reducir nuestra 
huella ambiental en más de 70 


O UNICEF/UNO293600/Keita 
Mamadou Kassé, de 29 años, vacunador del centro de salud comunitario Sofara, en Mopti, Malí, comprueba las existencias 
de vacunas en un refrigerador alimentado por energía solar. 


oficinas alrededor del mundo me- 
diante la instalación, por ejem- 
plo, de sistemas de iluminación, 
calefacción, ventilación y refrige- 
ración eficientes desde el punto 
de vista energético; accesorios 
que economizan el uso del agua; 
sistemas solares de energía y 
calentamiento de agua; y más. 
Un creciente número de nuestras 
oficinas funcionan con energía 
solar, entre ellas, las de Jordania, 
Zimbabwe y la India. La oficina 
de Haití genera el 100% de su 
energía a partir del sol. 


NX ESPA 


Nuestro propósito: Recursos y servicios 
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Los trabajos deben ser envia- 
dos a la Comisión Directiva de 
GEOMINAS a: papers(Orevista- 
geominas.com 


Los trabajos pueden estar es- 
critos en español, portugués o in- 
glés, en cualquier versión Word) 
para Windows6. 


Las imágenes, tablas, gráficos, 
ecuaciones o fórmulas, mapas y 
todo lo que no sea texto normal 
se debe anexar, cada uno, en 
archivos separados, en formato 
,png, .j¡pg o .gif; en color RGB. 


La extensión máxima de los 
trabajos será de 10 páginas ta- 
maño carta con margen superior, 
inferior y derecho de 3 cm e iz- 
quierdo de 4 cm, escritos en Arial 
tamaño 12, a un espacio y medio. 
Las tablas, gráficos, figuras, ma- 
pas e imágenes no se incluyen 
en la extensión señalada. 


Los trabajos no contendrán de- 
claraciones de carácter político. 


Al inicio del artículo debe apa- 
recer el área temática del mismo. 


El título del trabajo debe co- 
locarse en español, portugués e 
inglés. 


Se debe colocar el nombre y 
apellido de sus autores, cada uno 
con: sus direcciones de correo 
electrónico, sus títulos profesio- 
nales y máximo nivel académico 
alcanzado y una fotografía de 
rostro o busto. 


El trabajo deberá contar, como 
mínimo, con resumen en español 
y en inglés, de extensión no ma- 
yor de 250 palabras; ambos de- 
ben describir brevemente, en un 
sólo párrafo, el objetivo general, 
la metodología más relevante, re- 
sultado principal y la conclusión 
más importante. 


Deben incluirse 5 palabras 
clave, tanto en español como en 
portugués y en inglés. Los tra- 


Normas para los autores 


Guidelines for authors 


Articles must be sent to 
GEOMINAS Board to: papers( 
revistageominas.com 


Papers may be written 
in Spanish, Portuguese or 
English, in any Word) version 
for Windows. 


Images, tables,  graphs, 
equations or formulas, maps 
and everything different than 
plain text must be attached, in 
separate files, using .png, .jpg 
or .gif format; this files must be 
in RGB color. 


The maximum length of pa- 
pers will be 10 letter-size pages 
with top, bottom and right mar- 
gins of 3 cm and left margin of 
4 cm, written in Arial size 12, a 
space and a half. Tables, gra- 
phs, figures, maps and images, 
are not includes in extension 
indicated. 


Papers will not contain politi- 
cal statements. 


At the beginning of the article 
the subject area should appear. 


Paper title should be placed 
in Spanish, Portuguese and 
English. 


The name and last name of 
each authors should be writ- 
ten, with each email addresses, 
each professional grade and 
highest academic level reached 
by everyone and a face or bust 
photo. 


The paper must have at 
least Abstract in Spanish and 
English, extension of no more 
than 250 words; both should 
briefly describe in a single pa- 
ragraph, the most important 
general objective, the most re- 
levant methodology, main result 
and conclusion. 


5 keywords, both in Spanish 
and Portuguese and English 
should be included. 


Norma de colaboración 


Os trabalhos devem ser en- 
viados á Comissáo Diretiva de 
GEOMINAS a: papersiOrevista- 
geominas.com 


Os trabalhos podem estar es- 
critos em espanhol, portugués 
ou inglés, em qualquer versáo 
WordO para Windows. 


As imagens, tabelas, gráficos, 
equacdes ou fórmulas, mapas e 
todo o que náo seja texto normal 
deve ser anexado, a cada um, em 
arquivos separados, em formato 
«png, jpg ou .gif; em cor RGB. 


Aextensáo máxima dos trabal- 
hos será de 10 páginas tamanho 
carta com margem superior, infe- 
rior e direito de 3 cm e esquerdo 
de 4 cm, escritos em Arial taman- 
ho 12, a um espaco e médio. A 
extensáo assinalada no inclui ta- 
belas, gráficos, figuras, mapas e 
imagens. 


Os trabalhos náo conteráo de- 
claracdes de caráter político. 


Ao início do artigo deve apare- 
cer a área temática do mesmo. 


O título do trabalho deve ser 
colocado em espanhol, portu- 
gués e inglés. 


Deve ser colocado o nome e 
apellido de seus autores, a cada 
um, com suas direcdes de correio 
eletrónico, seus títulos profissio- 
nais e máximo nível académico 
atingido e uma fotografia do ros- 
tro ou busto. 


O trabalho deverá contar, no 
mínimo, com resumo em espan- 
hol e em inglés, de extensáo náo 
maior de 250 palavras; ambos 
devem descrever brevemente, 
em um só parágrafo, o objetivo 
geral, a metodologia mais rele- 
vante, resultado principal e a con- 
clusáo mais importante. 


Devem ser incluído 5 palavras- 
chave, tanto em espanhol como 
em portugués e em inglés. Os tra- 


bajos deberán contar con, por lo 
menos, las siguientes secciones: 
Introducción, Planteamiento del 
problema o hipótesis, Metodolo- 
gía, Resultados, Discusión, Con- 
clusiones, Referencias. 


Todas las ilustraciones, ma- 
pas, gráficos, tablas y figuras, 
deben contar con sus respectivos 
títulos. 


Las figuras se identificarán 
posterior a las mismas y se debe- 
rán numerar en arábigos. 


Las tablas se deberán identifi- 
car previo a las mismas y se de- 
berán numerar en romanos. 


Los mapas deberán mostrar 
con claridad lo que se desea, por 
lo que se seleccionará la escala 
adecuada. 


Las imágenes deben ser de 
fuertes contrastes, acompañadas 
de una explicación o descripción 
del motivo de la misma. No se pu- 
blicarán imágenes borrosas. 


Los trabajos que contengan 
signos matemáticos deben pre- 
sentarse con claridad e identifi- 
carlos perfectamente; definiéndo- 
los donde aparezcan por primera 
vez, en las ilustraciones del texto. 


Las citas y referencias deben 
obedecer a lo siguiente: Las ci- 
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primer autor seguido por el del 
segundo autor o por et al. si se 
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da con alguna referencia que se 
listará en la sección final del ar- 
tículo denominada “Referencias”. 
En la lista de referencias no de- 
berá aparecer nada que no haya 
sido citado. Tal lista se elaborará 
en orden alfabético de autores y 
deberá ceñirse a los siguientes 
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Libros/Books/Livros: 


The papers must have at 
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troduction, Problem or hypothe- 
sis, Methodology, Results, 
Discussion, Conclusions, Refe- 
rences. 


All illustrations, maps, gra- 
phs, tables and figures, must 
have their respective titles. 
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be numbered in Roman nume- 
rals. 


The maps should show 
clearly what you want, so the 
appropriate scale must be se- 
lected. 


Images must be strong con- 
trasts, accompanied by an ex- 
planation or description of the 
reason for it. No blurry images 
will be published. 


Papers containing mathema- 
tical symbols should be presen- 
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the the text. 


Citations and references 
must obey the following: Cita- 
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were more than two authors, 
and publication year. For exam- 
ple: (Smith, 2002) or (Herrero € 
Montes, 2001) or (Vera et al., 
2000). 


Any citation must be linked 
with some reference that will be 
listed in the final section of the 
paper called “References”. In 
the list of references should not 
appear anything that has not 
been cited. Such list shall be 
compiled in alphabetical order 
of authors and shall adhere to 
the following examples: 
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tados, Discussáo, Conclusóes, 
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títulos. 
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terior ás mesmas e se deveráo 
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Os mapas deveráo mostrar 
com clareza o que se deseja, 
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Os trabalhos que contenham 
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methods used are clearly des- 
cribed? Do you think the experi- 
mental design and methods are 
most appropriate for achieve the 
objectives? Do you believe it ¡s 
possible duplicate research with 
the elements outlined in this sec- 


Título: ¿Inclui informacáo do que 
trata o artigo? ¿Sua longitude é 
apropriada? 

Resumo: ¿E este uma represen- 
tacáo concisa do artigo? ¿Tem o 
formato adequado? ¿Apresenta 
o objetivo geral, a metodologia 
principal, o resultado principal e a 
conclusáo mais relevante? ¿Sua 
extensáo é apropriada (máximo 
250 palavras)? 

Palabras-chave: ¿Sáo adequa- 
das ao artigo? 

Introdugáo: ¿Apresenta uma 
descricáo do tema central? ¿Es- 
tabelece claramente os objetivos 
do trabalho? 

Metodologia: ¿Opina vocé que 
os métodos empregados sáo cla- 
ramente descritos? ¿Opina vocé 
que o desenho experimental e 
os métodos sáo os mais apro- 
priados para atingir os objetivos? 
¿Cré vocé que é possível dupli- 
car a investigacáo com os ele- 
mentos expostos nesta secáo? 
¿Sáo apropriados os métodos 


métodos estadísticos utilizados? 
Resultados: ¿A su juicio los re- 
sultados son presentados de 
manera adecuada y coherente? 
¿Opina Ud. que los resultados 
expuestos están relacionados 
con los objetivos planteados? 
Discusión: ¿Opina Ud. que exis- 
ten errores de interpretación de 
los datos presentados? ¿Consi- 
dera Ud. que es relevante toda la 
discusión? ¿Hay aspectos impor- 
tantes de los resultados que no 
son discutidos? ¿Se repite infor- 
mación de la sección de resulta- 
dos? ¿Se hacen afirmaciones no 
sustentadas por los datos u otros 
autores? 

Conclusiones: ¿Observó Ud. Que 
las conclusiones, parcialmente o 
totalmente, son repetición de los 
resultados? ¿Están relacionadas 
las conclusiones con los objeti- 
vos expuestos? ¿Están las con- 
clusiones basadas en los resulta- 
dos de este trabajo? 

Referencias bibliográficas: ¿Exis- 
te correspondencia entre las ci- 
tas y las referencias? ¿Cumplen 
estas referencias con lo pautado 
en las normas para los autores? 
Tablas: ¿Son todas necesarias? 
¿Duplican información expuesta 
en el texto o en gráficos? ¿Pue- 
de alguna de ellas ser transfor- 
madas en figuras para resumir 
O facilitar la comprensión de los 
datos? ¿Están éstas demasia- 
do recargadas de información? 
¿Son los encabezados una bue- 
na descripción de ellas? 

Figuras: ¿Son todas necesarias? 
¿Duplican información expues- 
ta en el texto o en tablas? ¿Son 
legibles claramente? ¿Aportan 
información relevante para la 
presentación de los resultados? 
¿Son sus títulos una buena des- 
cripción de ellas? 

Extensión del artículo: ¿Puede 
éste ser acortado sin perder cali- 
dad o información relevante? 
Pertinencia: ¿Es un trabajo in- 
édito? ¿Representa el artículo 
un aporte al conocimiento cientí- 
fico? ¿En su opinión es el tema 
adecuado para la revista GEO- 
MINAS? 

Calidad: ¿En general, el estilo de 
esta contribución tiene calidad 
para ser publicado? ¿Pudiera 
mejorarse el manuscrito en algu- 
na forma? 

Veredicto: El trabajo revisado es: 
Publicable sin modificaciones; 
publicable una vez se hayan rea- 
lizado las correcciones; no publi- 
cable. 


tion? Are the statistical methods 
used appropriate? 

Results: In your opinion the re- 
sults are presented in an appro- 
priate and consistent manner? 
Do you think the results presen- 
ted are related to the objectives? 
Discussion: Do you think there 
are errors of interpretation of the 
data presented? Do you think 
whole discussion is relevant? Are 
there important aspects of the re- 
sults that are not discussed? Is 
information of the results section 
repeated? Assertions not suppor- 
ted by data are made? 
Conclusions: Did you notice that 
conclusions, partially or totally, 
are repeating the results? Are 
related the conclusions with the 
objectives? Are the conclusions 
based on the results of this work? 
References: Is there correspon- 
dence between citations and re- 
ferences? Are these references 
agreed with what was stated in 
the rules for authors? 

Tables: Are all of they necessary? 
Are they duplicating information 
presented in the text or graphics? 
Can any of them be transformed 
into figures to summarize or faci- 
litate understanding of the data? 
Are these too overloaded with 
information? Are headers a good 
description of them? 

Figures: Are all of they neces- 
sary? Are they duplicating infor- 
mation presented in the text or ta- 
bles? Are they clearly legible? Do 
they provide relevant information 
to the presentation of the results? 
Are your titles a good description 
of them? 

Article extension: Can it be shor- 
tened without losing quality or re- 
levant information? 

Relevance: Is an unpublished 
work? Does the article repre- 
sent a contribution to scientific 
knowledge? In your opinion, is 
the right theme for GEOMINAS 
magazine? 

Quality: In general, does the style 
of this contribution have quality to 
be published? Could the wording 
be improved in any way? 

Verdict: The revised work is: Pu- 
blishable without modifications; 
publishable once corrections 
have been made; not publisha- 
ble. 


estatísticos utilizados? 
Resultados: ¿A seu julgamento 
os resultados sáo apresentados 
de maneira adequada e coeren- 
te? ¿Opina vocé que os resulta- 
dos expostos estáo relacionados 
com os objetivos propostos? 
Discussáo: ¿Opina vocé que 
existem erros de interpretacáo 
dos dados apresentados? ¿Con- 
sidera vocé que é relevante toda 
a discussáo? ¿Há aspectos im- 
portantes dos resultados que 
náo sáo discutidos? ¿Repete-se 
informacáo da secáo de resulta- 
dos? ¿Fazem-se afirmacóes náo 
sustentadas pelos dados? 
Conclusdes: ¿Observou vocé 
Que as conclusóes, parcialmente 
ou totalmente, sáo repeticáo dos 
resultados? ¿Estáo relacionadas 
as conclusdes com os objetivos 
expostos? ¿Estáo as conclusdes 
baseadas nos resultados deste 
trabalho? 

Referéncias bibliográficas: ¿Exis- 
te correspondéncia entre cita-as 
e as referéncias? ¿Cumprem 
estas referéncias com o pautado 
nas normas para os autores? 
Tabelas: ¿Sáo todas necessá- 
rias? ¿Duplicam informacáo ex- 
posta no texto ou em gráficos? 
¿Pode alguma delas ser trans- 
formada em figuras para resumir 
ou facilitar o entendimento dos 
dados? ¿Estáo estas demasia- 
do recarregadas de informacáo? 
¿Sáo os encabecados uma boa 
descrigáo delas? 

Figuras: ¿Sáo todas necessá- 
rias?  ¿Duplicam  informacáo 
exposta no texto ou em tabe- 
las? ¿Sáo legíveis claramente? 
¿Contribuem informacáo  rele- 
vante para a apresentacáo dos 
resultados? ¿Sáo seus títulos 
uma boa descricáo delas? 
Extensáo do artigo: ¿Pode este 
ser encurtado sem perder quali- 
dade ou informagáo relevante? 
Pertinéncia: ¿E um trabalho in- 
édito? ¿Represente o artigo um 
contribua ao conhecimento cien- 
tífico? ¿Em sua opiniáo é o tema 
adequado para a revista GEOMI- 
NAS? 

Qualidade: ¿Em general, o estilo 
desta contribuicáo tem qualidade 
para ser publicado? ¿Pudesse 
ser melhorada a redacáo em al- 
guma forma? 

Veredicto: O trabalho revisado 
é: Publicável sem modificacdes; 
publicável uma vez tenham-se 
realizado as correcóes; náo pu- 
blicável. 
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